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ୈ̍ষ ং࿦ 
 
1.1 ॹݴ 
 ৿ྛੜଶܥʹ͓͍ͯɺ஠ૉ॥؀͸ͲͷΑ͏ʹ੍ޚ͞Ε͍ͯΔͷ͔ɻ·ͨɺ؀ڥͷมԽ
͸஠ૉ॥؀ʹͲͷΑ͏ͳӨڹΛ༩͑Δͷ͔ɻ ͜ΕΒ͸৿ྛੜଶֶͷҰ؏ͨ͠ओཁͳݚڀ
ςʔϚͰ͋Γଓ͚͍ͯΔɻ͞Βʹۙ೥ɺ஠ૉ॥؀ͷ஍ٿن໛తͳมԽʹͱ΋ͳ֤ͬͯ஍
Ҭͷ৿ྛੜଶܥʹ͓͚Δ஠ૉ॥؀΋มԽ͍ͯ͠Δ͜ͱ͕૬͍࣍Ͱใࠂ͞Εɺ ͜ΕΒͷݚ
ڀͷॏཁੑ͸Ұ૚େ͖͘ͳ͍ͬͯΔɻ͜Ε·Ͱɺ৿ྛͷ஠ૉ॥؀ʹؔ͢Δݚڀ͸༷ʑͳ
؀ڥཁҼʢؾީɺ২ੜɺ౔৕ͷཧԽֶੑͳͲʣͱͷؔ࿈ͰߦΘΕ͖ͯͨɻ͔͠͠ɺͦͷ
ଟ͘͸ɺ ஠ૉ॥؀ʹେ͖ؔ͘ΘΔ͋Δ͍͸ͦͷϓϩηεΛ୲͍ͬͯΔ͸ͣͷඍੜ෺܈ू
ͷ৘ใΛ΄ͱΜͲؚΜͰ͜ͳ͔ͬͨɻͦͷҰํͰɺۙ೥ͷ෼ࢠੜଶֶతख๏ͷൃలʹΑ
ͬͯɺզ ʑ ͸ ඍ ੜ ෺ ܈ ू ͷ ੜ ଶ ʹ ͭ ͍ ͯ Ҏ લ Α Γ ང ͔ ʹ ଟ ͘ ͷ ৘ ใ Λ ಘ Δ ͜ ͱ ͕ Ͱ ͖ Δ
Α͏ʹͳ͖ͬͯͨɻ ஠ૉ॥؀ͷϓϩηε΍଎౓ͱͦΕΛ୲͏ඍੜ෺܈ूͷ৘ใΛϦϯΫ
͢ΔࣄͰɺઌʹड़΂ͨݚڀςʔϚʹ͍ͭͯΑΓྑ͘ཧղͰ͖Δ͸ͣͰ͋Δɻ 
 ຊষͰ͸ɺ·ͣɺ৿ྛੜଶܥʹ͓͚Δ஠ૉ॥؀ͱͦͷมԽɺ঳ԽΛ୲͏ඍੜ෺܈ूͷ
طଘͷݚڀͷϨϏϡʔΛߦ͍ɺͦͯ͠ɺຊݚڀͷ໨త͓Αͼௐࠪ஍ͷ֓ཁΛड़΂ɺຊ࿦
จͷ಺༰ʹ͍ͭͯड़΂Δɻ 
 
1.2 ஠ૉ॥؀ 
 Fritz Haber ͕ N2ͱ H2͔Β NH3Λ߹੒͢Δํ๏Λൃݟͯ͠Ҏདྷ 100 ೥΋ͷؒʹɺਓྨ
͸ٸ଎ͳ৯ྉ૿࢈ͱਓޱ૿ՃΛ੒͠਱͛ͨʢErisman et al. 2008ʣɻ ͠ ͔ ͠ ɺ ͦ ͷ ൓ ໘ ɺ
େྔͷ NH3 ͕߹੒͞Εɺ؀ڥதʹ֦ࢄ͢Δ͜ͱͰ஠ૉ॥؀͸ੈքతʹେ͖͘มԽͭ͠
ͭ͋ΔʢGalloway et al. 2008ʣɻ ͦ ͷ ݁ Ռ ɺ ஍ ٿ Թ ஆ Խ ΍ ஠ ૉ Ԛ છ ɾ ෋ ӫ ཆ Խ ͱ ͍ ͬ ͨ ஍
ٿن໛త͋Δ͍͸஍Ҭతͳ৽ͨͳ؀ڥ໰୊͕ى͖͍ͯΔɻ ͜ͷηΫγϣϯͰ͸஠ૉ॥؀
ͷมԽͱͦΕ͕৿ྛੜଶܥʹ͓Α΅͢Өڹʹ͍ͭͯ֓આ͢Δɻ   2 
 
1.2.1 ஍ٿن໛ͷ஠ૉ॥؀ 
 ஍ٿ্Ͱ஠ૉͷେ෦෼͸஠ૉ෼ࢠʢN2ʣͱͯ͠ଘࡏ͠ɺେؾͷ 79%Λ઎Ί͍ͯΔɻ͠
͔͠ N2ͷࡾॏ݁߹Λ੾ΔͨΊʹ͸େ͖ͳΤωϧΪʔ͕ඞཁͰ͋ΔͨΊɺN2͸χτϩή
φʔθΛ΋ͭҰ෦ͷࡉەͳͲݶΒΕͨੜ෺͔͠ར༻Ͱ͖ͳ͍ɻͦͷଞͷଟ͘ͷੜ෺͸ɺ
஠ૉݻఆʹΑͬͯੜ੒͞Εͨؐݩଶ஠ૉ΍ཕʹΑͬͯੜ͡Δ஠ૉࢎԽ෺ͱ͍ͬͨ ʮ൓Ԡ
ੑͷߴ͍ʯ஠ૉ͔͠ར༻Ͱ͖ͳ͍ɻैͬͯਓҝతͳӨڹ͕ՃΘΔҎલɺ஠ૉ॥؀଎౓͸
ඍੜ෺ʹΑΔ஠ૉݻఆ଎౓ʹΑܾͬͯఆ͞Εɺ ੜଶܥ͸஠ૉ੍ݶԼʹ͋ͬͨͱߟ͑ΒΕ
Δɻ 
 ੈքن໛ͷ஠ૉ॥؀͸ Haber-Bosch ๏ͷ࣮ݱʹΑͬͯେ͖͘มԽͨ͠ɻݱࡏɺ
Haber-Bosch ๏ʹΑͬͯ࡞ΒΕΔʮ൓Ԡੑͷߴ͍ʯ஠ૉͷྔ͸ੜ෺త஠ૉݻఆ΍Խੴ೩
ྉͷ೩মʹΑͬͯಘΒΕΔྔΛང͔ʹ௒͍͑ͯΔʢFigure  1-1ʣɻ ͦ ͠ ͯ ɺ ͦ ͷ 80%͸
NH4NO3ɺCa(NO3)2ɺ(NH4)2CO3ɺ೘ૉͳͲͷංྉͷ੡଄ʹ༻͍ΒΕɺͦΕ͕౔৕ʹ౤ೖ
͞Ε͍ͯΔʢErisman et al. 2007; Galloway et al. 2008ʣɻ ݱ ࡏ ɺ ੈ ք Ͱ ࢖ ༻ ͞ Ε ͯ ͍ Δ ஠
ૉංྉͷ͏ͪ໿ 60%ΛΞδΞ͕ɺ͞Βʹͦͷ൒෼Λதࠃ͕઎Ί͍ͯΔʢ৽౻ 2 0 0 4 ʣɻ  
 ංྉͷͨΊʹ߹੒͞ΕΔ஠ૉԽ߹෺ͷ͏ͪ 10-30%ఔ౓͸২෺ͳͲͷ࠷ऴੜ࢈෺ͷߏ
੒ཁૉͱͳΔ͕ɺ࢒Γͷ΄ͱΜͲ͸ɺΞϯϞχΞʢNH3ʣ΍ҰࢎԽ஠ૉʢNOʣɺ ѥ ࢎ Խ
஠ૉʢN2Oʣͱͯ͠େؾʹشࢄ͠ɺ·ͨ঳ࢎΠΦϯʢNO3
rʣͱͯ͠౔৕͔Β༹୤͍ͯ͠
ΔʢSmil 2001ʣɻ Խ ੴ ೩ ྉ ͷ ೩ ম ʹ ൐ ͬ ͯ ഉ ग़ ͞ Ε Δ NO ͷ૿େͱฒߦͯ͠ɺ೶ۀʹ൐
ͬͯشࢄ͢Δ NH3ͷྔ͸ɺ20 ੈلͷؒʹͦΕҎલʹൺ΂ͯ 3-5 ഒʹ·Ͱ๲Ε্͕ͬͯ
͓Γɺੈքͷ NH3΍ NO ͷഉग़͸ͦͷ΄ͱΜͲ͕཮Ҭىݯͱͳ͍ͬͯΔʢDentener et al. 
2006ʣɻ େ ؾ த Ͱ NH3͸ NH4
+ʹɺNO ͸஠ૉࢎԽ෺ʢNOxʣʹͳΓɺ཮Ҭ΍ւҬ΁ͱ߱
Լ͢ΔʢFigure 1-2ʣɻ  
 Խֶංྉ΍Խੴ೩ྉͷ࢖༻ྔͷ૿Ճ͸ɺ݁Ռతʹɺେؾ͔Β཮্ੜଶܥ΁ͷ஠ૉ௜ண
ྔΛ૿େ͍ͤͯ͞Δɻେؾ͔Βͷ஠ૉ௜ணྔ͸͢Ͱʹ࢈ۀֵ໋Ҏલͷ 3 ͔Β 10 ഒఔ౓  3 
ʹ૿Ճ͍ͯ͠ΔʢGalloway et al. 1995ʣɻ NO ΍ NH3ͷഉग़͸ଟ͘ͷ஍ҬͰ 21 ੈلͷؒ
΋͞Βʹ૿େ͢Δͱ༧૝͞ΕʢGalloway et al. 2004; Dentener et al. 2006ʣɺ ͦͷ݁Ռɺؾ
ީมಈʹؔ͢Δ੓෎ؒύωϧʢIntergovernmental Panel on Climate Change: IPCCʣͷ༧૝
ʢA2 emissions  γφϦΦʣʹΑΕ͹ɺੈքͷ஠ૉ௜ணྔ͸ 2030 ೥·Ͱʹ 2000 ೥ͱൺֱ
ͯ͠ 50 ͔Β 100%૿Ճ͢Δͱࢼࢉ͞Ε͍ͯΔʢFigure 1-3ɺReay et al. 2008ʣɻ ಛ ʹ ౦ Ξ
δΞͰ͸ɺஶ͍͠ܦࡁൃలͱਓޱ૿Ճ͕༧૝͞ΕΔࣄ͔Βɺͦͷ૿Ճ܏޲͕΋ͬͱ΋ݦ
ஶʹͳ͍ͬͯΔɻ 
 
1.2.2 ৿ྛͷ஠ૉ॥؀ͱΩʔϓϩηεͱͯ͠ͷ঳Խ൓Ԡ 
 ஠ૉ͸ੜ෺ʹͱͬͯඞਢͳݩૉͰ͋Γɺ ༷ʑͳԽֶܗଶΛͱΓͳ͕Β৿ྛੜଶܥ಺Λ
॥؀͍ͯ͠Δɻ ৿ྛ౔৕தʹ಺ࡏ͢Δ஠ૉԽ߹෺͸ɺ ͦͷ 90%Ҏ্͕౔৕༗ػ෺தʹݻ
ఆ͞Εͨ༗ػମ஠ૉͰ͋Γɺ ͦΕҎ֎ͷ΄ͱΜͲ͸২෺ମʹؚ·ΕΔόΠΦϚε஠ૉͰ
͋ΔɻͦΕͱൺֱͯ͠ɺ౔৕ඍੜ෺΍২෺͕ٵऩར༻Ͱ͖ΔΞϯϞχ΢ϜʢNH4
+ʣ΍঳
ࢎʢNO3
–ʣͱ͍ͬͨແػଶ஠ૉ͸શମͷ 1%ʹ΋ຬͨͳ͍ʢBormann et al. 1977ʣɻ ͦ ͷ
ͨΊଟ͘ͷ৿ྛੜଶܥͷҰ࣍ੜ࢈ྗ͸ɺ ༷ʑͳཆ෼ݩૉͷதͰ΋஠ૉͷڙڅʹΑ੍ͬͯ
ݶ͞Ε͍ͯΔɻ͞ΒʹΧνΦϯͰ͋Δ NH4
+͸௨ৗෛʹଳి͍ͯ͠Δ৿ྛ౔৕ʹٵணɾ
อ࣋͞ΕΔͷʹର͠ɺΞχΦϯͰ͋Δ NO3
–͸΄ͱΜͲٵணɾอ࣋͞Ε༹ͣ୤͞Ε΍͢
͍ɻ͜͏ͨ͜͠ͱ͔Βɺແػଶ஠ૉͷಈଶͷ೺Ѳ͸৿ྛੜଶܥશମͷ஠ૉ॥؀Λཧղ͢
Δ্ͰۃΊͯॏཁͰ͋Δͱݴ͑Δɻ 
 NH4
+΍ NO3
–Λத৺ͱͯ͠ඳ͍ͨ৿ྛͷ஠ૉ॥؀Λ໛ࣜతʹ Figure 1-4 ʹࣔ͢ɻ ओͳՄ
څଶ஠ૉ͸ NH4
+΍ NO3
–Ͱ͋Δɻ·༹ͨଘ༗ػଶ஠ૉʢdissolved organic nitrogen: DONʣ
ͷՄڅੑ͕ɺಛʹ஠ૉ੍ݶԼͷ৿ྛͰ஫໨͞Εͭͭ͋ΔʢNeff et al. 2003; Schimel and 
Bennet 2004ʣ ɻ৿ྛͷ஠ૉ॥؀ʹ͓͚Δओͳඍੜ෺ϓϩηε͸ɺແػԽʢ༗ػ෺෼ղͱ
ΞϯϞχΞੜ੒ʣ ɺ঳Խɺඍੜ෺ಉԽɺ୤஠Ͱ͋Δɻओͳ஠ૉෆಈԽʢอ࣋ʣϓϩηε
ͱͯ͠ɺ২෺ʹΑΔٵऩɺඍੜ෺ಉԽɺ౔৕΁ͷ෺ཧԽֶతٵண͕ߟ͑ΒΕɺྲྀग़ϓϩ  4 
ηεͱͯ͠ɺNO3
–༹୤΍୤஠͕ߟ͑ΒΕΔɻ 
 ຊݚڀͰண໨͢Δ঳Խ͸ɺ ஠ૉͷ॥؀΍ྲྀग़ʹେ͖ؔ͘ΘΔΩʔͱͳΔඍੜ෺ϓϩη
εͰ͋Δɻج࣭ʢNH3ʣͱੜ੒෺ʢNO3
–ʣ͕ͱ΋ʹ২෺΍౔৕ඍੜ෺͕ٵऩɾར༻͢Δ
Մڅଶ஠ૉͰ͋Γɺ ͦͷόϥϯεΛܾΊΔ൓ԠͰ͋Δͱಉ࣌ʹɺ NO3
–༹୤΍୤஠ͱ͍ͬ
ͨ஠ૉྲྀग़ϓϩηε΁ͱͭͳ͕Δ൓ԠͰ͋Δɻ NO3
–༹୤͸஍Լਫ΍ܢྲྀͷਫ࣭Λ௿Լ͞
ͤΔɻ୤஠ͷաఔͰੜ੒͢Δ NO ͓Αͼ N2O ͸Φκϯ૚ഁյΨε͓ΑͼԹࣨޮՌΨε
Ͱ͋ΔɻNO ΍ N2O ͸঳ԽͷաఔͰ΋ੜ੒͢Δɻ·ͨ঳Խ͸౔৕ͷࢎੑԽΛଅਐ͢Δ
ʢVan Miegroet and Cole 1984ʣɻ͞Βʹ঳Խ଎౓΍౔৕͔Βͷ NO3
–ͷ༹୤ྔͷ૿େ͸ɺ
࣍ͷηΫγϣϯͰड़΂Δ৿ྛੜଶܥͷ஠ૉ๞࿨ͷ࢝·Γͷࢦඪͱߟ͑ΒΕ͍ͯΔɻ 
 
1.2.3 ஠ૉ੍ݶ͔Β஠ૉ๞࿨΁ͷਐߦ 
 ैདྷ͸ਓҝతͳ஠ૉͷྲྀೖ͕ඇৗʹগͳ͍ͱߟ͑ΒΕ͍ͯͨ৿ྛੜଶܥʹ͓͍ͯ΋ɺ
ۙ೥ɺ஠ૉͷա৒ͳྲྀೖ͕ੈքن໛Ͱ૬͍࣍Ͱใࠂ͞Ε͍ͯΔɻ஠ૉྲྀೖྔͷ૿େʹର
͢Δ৿ྛੜଶܥͷԠ౴ʹ͍ͭͯ͸ɺ ͦͷӨڹ͕࠷΋ૣ͘ݱΕͨϤʔϩού΍๺ถΛத৺
ʹɺ1980 ೥୅ΑΓ͔͞Μʹݚڀ͞Ε͖ͯͨʢAber et al. 1989, 1998, 2003; Gundersen et al. 
1998ʣɻ ͦ ͷ ݁ Ռ ͔ Β Aber et al.ʢ1998ʣ͸ʮ஠ૉ๞࿨Ϟσϧʯͱݺ͹ΕΔ֓೦ϞσϧΛ
ఏএͨ͠ɻ஠ૉ๞࿨ϞσϧͷதͰɺAber  et  al.ʢ1998ʣ͸ɺҎԼʹࣔ̐ͭ͢ͷεςʔδ
Λܦͯɺ৿ྛੜଶܥͷ஠ૉ॥؀͕ɺܥ֎΁ͷྲྀग़͕཈੍͞Ε͍ͯΔด࠯ܥ͔Βɺ༨৒ͷ
஠ૉ͕ܥ֎΁ͱ์ग़͞ΕΔ։์ܥ΁ͱஈ֊తʹมԽ͢Δͱ͍͏ϞσϧΛఏҊͨ͠
ʢFigure 1-5ʣɿ  
ʢεςʔδ̌ʣ֎෦͔Βͷ஠ૉෛՙ͸খ͘͞ɺੜଶܥ͸஠ૉ੍ݶԼʹ͋ΔɻNH4
+ɺNO3
–
͸ͦͷ΄ͱΜͲ͕২෺΍౔৕ඍੜ෺ʹར༻͞ΕΔɻͦͷͨΊਖ਼ຯͷ NO3
–ੜ੒଎౓ʢ७
঳Խ଎౓ɿޙड़ʣ͸খ͘͞ɺNO3
–ͷ༹୤΋গͳ͍ɻ·ͨ N2O ൃੜ͸΄ͱΜͲ֬ೝ͞Ε
ͳ͍ɻ 
ʢεςʔδ̍ʣ૿Ճ͢Δ஠ૉྲྀೖྔʹ൐ͬͯɺੜଶܥ͸ঃʑʹ஠ૉ੍ݶԼʹͳ͘ͳΔɻ  5 
͔͠͠Ή͠Ζɺ ྲྀೖͨ͠஠ૉ͸২෺ͷٵऩ΍౔৕༗ػ෺ϓʔϧ΁ͷٵऩʹΑͬͯ஠ૉ॥
؀ܥʹೖΓɺ॥؀଎౓͕૿Ճ͠ɺ৿ྛͷ੒௕͕ଅਐ͞ΕΔɻ 
ʢεςʔδ̎ʣ౔৕தͷ஠ૉ͕ੜ෺ͷඞཁͱ͢ΔྔΛ௒͑࢝Ίɺ৿ྛ͸஠ૉ๞࿨ঢ়ଶͱ
ͳΔɻ NH4
+ͱͯ͠౔৕ʹ஝ੵ͞Ε͍ͯΔؒ͸ੜଶܥʹେ͖ͳӨڹΛ༩͑ͳ͍͕ɺ ঳Խ׆
ੑ͕ߴ·Δ͜ͱͰɺNO3
–༹୤ͱ N2O ͷൃੜ͕ଅਐ͞ΕΔɻͦΕʹ൐͍౔৕΍ܢྲྀਫͷ
ࢎੑԽ͕ଅਐ͞ΕΔɻ஠ૉ੍ݶͷԹଳྛʹ͓͍ͯ͸ɺஶ͍͠ NO3
–༹୤ͷ࢝·Γ͕஠ૉ
๞࿨ͷॳظαΠϯͱߟ͑ΒΕ͍ͯΔʢDise and Wright 1995; Mcdonald et al. 2003)ɻ 
ʢεςʔδ̏ʣϞσϧͷ࠷ऴஈ֊Ͱ͋Γɺ঳Խ׆ੑ͕ݦஶʹ૿େ͠ɺͦΕʹ൐͏ NO3
-
༹୤΍ NOɺN2O ൃੜ͕ஶ͘͠૿Ճ͢ΔɻࢎੑԽ͕ਐߦ͢Δ͜ͱͰɺ౔৕ΧνΦϯ͕ރ
ׇ͠ɺಟੑͷڧ͍ Al3
+༹͕ग़࢝͠ΊΔʢLikens et al. 1996; Gundersen and Rasmussen 1989; 
Bowman et al. 2008ʣɻ ݁ Ռ ͱ ͠ ͯ ɺ ৿ ྛ ੒ ௕ ଎ ౓ ΍ ό Π Φ Ϛ ε ͕ ݮ গ ͠ ɺ ৿ ྛ ੜ ଶ ܥ ͕
஠ૉͷιʔεͱͳΔɻ͢ͳΘͪେؾ͔ΒͷྲྀೖྔΛ௒͑ͯ஠ૉ͕ྲྀग़͢Δɻ࠷ऴతʹ৿
ྛ͸ݮୀ͢ΔʢNihlgård 1985ʣɻ  
 ͜ͷ஠ૉ੍ݶ͔Β஠ૉ๞࿨΁ͷਐߦ͸Ϥʔϩού΍๺ถͷԹଳྛͰݟΒΕͨݱ৅Λ
ྑ͘આ໌͍ͯ͠ΔʢDise and Wright 1995; Tietema and Beier 1995; McDonald et al. 2003; 
Venterea et al. 2004ʣɻ ͠ ͔ ͠ ɺ ͜ Ε Β ͷ ৿ ྛ Ͱ ͞ ͑ ΋ ɺ Ͳ ͷ Α ͏ ͳ ε ϐ ʔ υ Ͱ ε ς ʔ δ
0 ͔Βεςʔδ 3 ΁ͱ஠ૉ๞࿨ͷఔ౓͕มԽ͢Δͷ͔͸Α͘Θ͔͍ͬͯͳ͍ʢGalloway 
et al. 2003ʣɻ ͞ Β ʹ ૿ େ ͢ Δ ஠ ૉ ྲྀ ೖ ʹ ରͯ͠ɺඞͣ͠΋ੈքͷશͯͷ৿ྛ͕ಉ༷ͷ൓
ԠΛࣔ͢Θ͚Ͱ͸ͳ͘ɺؾީʢMatson et al. 2002ʣɺ ২ ੜ ʢ Magill et al. 2004ʣɺ ౔ ৕ ೥ ୅
ʢVitousek and Farrington 1997ʣɺ ৿ ྛ ͷ ར ༻ ܗ ଶ ͷ ྺ ࢙ ʢ Fang et al. 2009ʣʹΑͬͯҟͳ
Δɻྫ͑͹ɺ೤ଳ஍Ҭͷଟ͘ͷࣗવྛͰ͸ɺ஠ૉ͸ඞͣ͠΋৿ྛͷੜ࢈ੑʹରͯ͠ͷओ
ཁͳ੍ݶཁҼʹͳ͍ͬͯΔͱ͸͍͑ͳ͍ʢHall and Matson 1999ʣɻ ͜ Ε Β ͷ ৿ ྛ Ͱ ͸ ౔
৕͕ஶ͘͠෩Խ͓ͯ͠ΓɺΧϧγ΢Ϝ΍ϦϯͳͲͷڙڅྔ͕ݩʑগͳ͍ͨΊɺ͜ΕΒͷ
ݩૉ͕͠͹͠͹ओͳ੍ݶཁҼͱͳ͍ͬͯΔʢVitousek 1984; Jordan 1985; Davidson et al. 
2007ʣɻ ै ͬ ͯ ɺ ೤ ଳ ஍ Ҭ ͷ ଟ ͘ ͷ ৿ ྛ ੜ ଶ ܥ Ͱ ͸ ɺ Թ ଳ ྛ ͱ ͸ ஠ ૉ ෛ ՙ ʹ ର ͢ Δ ൓ Ԡ  6 
͕ҟͳΓɺ஠ૉ๞࿨΁ͷਐߦ͕ૣ͍ͱ༧૝͞Ε͍ͯΔʢTao  and  Fenn  2000;  Chen  and 
Mulder 2007; Fang et al. 2009ʣɻ  
 ౦ΞδΞʹ͸೤ଳɺѥ೤ଳ஍Ҭ͕޿͕Γɺٸ଎ͳܦࡁൃలͱ૬·ͬͯɺ্ड़ʢηΫγ
ϣϯ 1.2.1ʣͷΑ͏ʹେؾ͔Βͷஶ͍͠஠ૉ௜ண͕֬ೝ͞Εɺࠓޙ΋૿ՃͷҰ్Λ୧Δ
ͱ༧ଌ͞Ε͍ͯΔɻ͔͠͠ɺ͜ΕΒ஍ҬͰͷݚڀ͸ґવݶΒΕ͍ͯΔͨΊɺ͜ͷ஍Ҭͷ
ݱࡏͷ஠ૉ॥؀ϓϩηε΍஠ૉ๞࿨ͷఔ౓͸΄ͱΜͲΘ͔͓ͬͯΒͣɺ ࠓޙ༧૝͞ΕΔ
େؾ͔Βͷ஠ૉ௜ணྔͷ૿େʹͱ΋ͳ͏৿ྛੜଶܥͷมԽʹ͍ͭͯ͸༧ଌͰ͖ͳ͍ঢ়
گʹ͋ΔɻͦͷͨΊ͜ΕΒͷ஍ҬͰͷݚڀͷॏཁੑ͕ٸ଎ʹߴ·͍ͬͯΔʢHicks et al. 
2008; Reay et al. 2008ʣɻ  
 Ҏ্ͷΑ͏ʹɺ஠ૉྲྀೖྔͷ૿େ͕ɺ݁Ռతʹ঳ԽΛ׆ੑԽͤ͞ɺNO3
–༹୤΍ NOɾ
N2O ൃੜΛଅਐͤ͞Δɻ·ͨͦΕ͕஠ૉ๞࿨ݱ৅ͷਐߦఔ౓ͷαΠϯͱͳ͍ͬͯΔɻ঳
Խ͸౔৕ඍੜ෺͕୲͏൓ԠϓϩηεͰ͋ΔͨΊʹɺ঳Խ׆ੑͷ૿େ͸ɺͦΕΛ୲͏ඍੜ
෺܈ूͷมԽͱ૬·͍ͬͯΔՄೳੑ͕ߴ͍ɻ 
 
1.3 ঳Խඍੜ෺܈ू 
 ঳Խ͸ɺແػԽ΍୤஠ͱൺ΂ͯɺܥ౷తʹൺֱతݶΒΕͨάϧʔϓͷඍੜ෺ʹΑͬͯ
୲ΘΕ͍ͯΔɻ঳Խ͸ैདྷɺԽֶ߹੒ಠཱӫཆੑͷΞϯϞχΞࢎԽࡉە
ʢammonia-oxidizing bacteria: AOBʣͱѥ঳ࢎࢎԽࡉەʢnitrite-oxidizing bacteria: NOBʣ
ʹΑΔɺΞϯϞχΞࢎԽʢNH3  ˠ N O 2
–ʣͱѥ঳ࢎࢎԽʢNO2
–  ˠ N O 3
–ʣͷஞ࣍൓Ԡͱ
ߟ͑ΒΕ͖ͯͨʢSchmidt and Belser 1983ʣʢ Figure 1-6ʣɻ ͦͷ΄͔Ұ෦ͷैଐӫཆੑͷ
ࡉە΍ΧϏʹΑΔ༗ػଶ஠ૉ΍ NH4
+͔Βͷ NO2
–΍ NO3
–ͷੜ੒΋஌ΒΕ͍ͯΔɻ ͞Βʹ
ۙ೥ɺ ΫϨϯΞʔΩΦʔλʹଐ͢ΔҰ෦ͷΞʔΩΞ͕ΞϯϞχΞࢎԽΛ୲͏͜ͱ͕ൃݟ
͞ΕͨʢKönneke et al. 2005ʣ ɻ͜ͷηΫγϣϯͰ͸ɺAOBɺNOBɺΞϯϞχΞࢎԽΞʔ
ΩΞʢammonia-oxidizing archaea: AOAʣɺ ैଐӫཆੑ঳Խඍੜ෺ͷܥ౷΍ੜཧɺ౔৕த
Ͱͷ঳Խ׆ੑʹ͍ͭͯ֓આ͢Δɻ   7 
 
1.3.1 ΞϯϞχΞࢎԽࡉەͱѥ঳ࢎࢎԽࡉە 
 AOB ͸ 16S  rRNA Ҩ఻ࢠͷԘج഑ྻʹجͮ͘ܥ౷͔Βɺݱࡏ 3 ͭͷଐ Nitrosomonas 
ʢ Betaproteobacteria ʣ ɺ Nitrosospira  ʢ Betaproteobacteria ʣɺ Nitrosococcus 
ʢGammaproteobacteriaʣʹ෼ྨ͞Ε͍ͯΔʢHead  et al.  1993ʣʢ Figure  1-7ʣɻ ౔ ৕ த ͷ
AOB ͷଘࡏྔ΍ଟ༷ੑ͸ɺओʹ෼ྨ܈ʹಛҟతͳ 16S  rRNA Ҩ఻ࢠͷԘج഑ྻ·ͨ͸
amoA ͷݕग़΍ղੳΛ௨ͯ͠ݚڀ͞Ε͖ͯͨɻamoA ͸ΞϯϞχΞࢎԽͷલஈ֊ͷες
οϓΛ୲͏ΞϯϞχΞϞϊΦΩγήφʔθʢAMOʣͷαϒϢχοτ A Λίʔυ͍ͯ͠
ΔҨ఻ࢠͰ͋ΔʢFigure 1-6ʣɻ 16S rRNA Ҩ఻ࢠ͸ܥ౷෼ྨΛɺamoA ͸ػೳΛɺͦΕͧ
Ε൓ө͍ͯ͠Δɻ·ͨ amoA ͷԘج഑ྻʹجͮ͘ܥ౷͸ 16S rRNA Ҩ఻ࢠͷԘج഑ྻʹ
جͮ͘ܥ౷෼ྨͱྑ͘ରԠ͍ͯ͠Δ͜ͱ͔ΒɺamoA Λର৅ͱ͢Δղੳ͕ AOB ͷղੳ
ͷͨΊͷओཁͳπʔϧͱͳ͍ͬͯΔʢPurkhold et al. 2003; Junier et al. 2010ʣɻ ౔ ৕ Ͱ ͸
Betaproteobacteria ͷ Nitrosomonas ଐͱ Nitrosospira ଐ͕ݕग़͞Εɺւ༸Ͱ͸ɺͦΕʹՃ
͑ͯ Nitrosococcus ଐ  ʢGammaproteobacteriaʣ΋͠͹͠͹ݕग़͞ΕΔɻNitrosomonas ଐ
ͱ Nitrosospira ଐ͸༷ʑͳ؀ڥ͔ΒಘΒΕͨ 16S rRNA Ҩ఻ࢠͷ഑ྻʹج͍ͮͯɺ 9 Ϋϥ
ελʔʹ෼ྨ͞ΕʢNitrosospira, clusters 0-4; Nitrosomonas, clusters 5-8ʣʢ Prosser 2007ʣɺ
౔৕Ͱ͸ Nitrosospira c l u s t e r s  0 ,  2 ,  3 ,  a n d  4ʹଐ͢Δ AOB ͕༏઎͍ͯ͠ΔʢJiang  and 
Bakken 1999; Bruns et al. 1999; Fierer et al. 2009ʣɻ NOB ͸ࡉ๔ͷܗଶ΍ 16S rRNA Ҩ఻ࢠ
ͷ഑ྻʹج͍ͮͯɺݱࡏ 4 ͭͷଐɺ N i t r o b a c t e r ʢAlphaproteobacteriaʣɺ   Nitrospina
ʢDeltaproteobacteriaʣ, NitrococcusʢGammaproteobacteriaʣɺ Nitrospira ʢclass Nitrospira, 
phylum Nitrospiraeʣʹ෼ྨ͞Ε͍ͯΔʢTeske et al. 1994ʣʢ Figure 1-7ʣɻ NOB ʹ͍ͭͯ
͸ Nitrobacter ͱ Nitrospira Λத৺ʹݚڀ͞ΕɺNitrobacter ʹ͍ͭͯ͸ѥ঳ࢎࢎԽؐݩ߬
ૉΛίʔυ͢Δ nxrA ͕ϚʔΧʔҨ఻ࢠͱͯ͠༻͍ΒΕ͍ͯΔʢFigure  1-6ʣɻ ͠ ͔ ͠ ɺ
ΞϯϞχΞࢎԽ͕঳Խͷ཯଎ஈ֊ʹ͋Γɺ ѥ঳ࢎ͸΄ͱΜͲͷ؀ڥͰ஝ੵ͠ͳ͍͜ͱ΋
͋ΓʢKowalchuck and Stephen 2001ʣɺ ౔ ৕ ͷ ঳ Խ ඍ ੜ ෺ ͷ ݚ ڀ ͸ ओ ʹ AOB Λத৺ʹߦ  8 
ΘΕɺ NOB ͷ౔৕தͰͷଟ༷ੑ΍׆ੑ͸΄ͱΜͲ஌ΒΕ͍ͯͳ͍ ʢFreitag et al. 2005ʣɻ  
 ۙ೥ɺ೶ߞ஍΍૲஍౔৕தͷ AOBɺNOB ܈ूͷੜଶͱ঳Խ׆ੑͱͷؔ࿈ʹ͍ͭͯॏ
ཁͳ஌ݟ͕ఏڙ͞Ε͍ͯΔɻOkano et al.ʢ2004ʣ͸ེࢎΞϯϞχ΢ϜΛఴՃͨ͠೶ߞ஍
౔৕ʹ͓͍ͯɺ঳Խϙςϯγϟϧͷ૿େͱͱ΋ʹɺ౔৕தͷ AOB ͷ amoA ଘࡏྔ͕૿
Ճ͢ΔࣄΛࣔͨ͠ɻ͞Βʹ౔৕ͷΞϯϞχΞࢎԽͷ൓Ԡ଎౓ύϥϝʔλʔ͕ഓཆגͷ
Nitrosospira ͷͦΕͱ΄΅Ұக͍ͯ͠Δ͜ͱΛࣔͨ͠ɻHawkes et al.ʢ2005ʣ͸૲஍౔৕
ʹ͓͍ͯɺ૯঳Խ଎౓ʢgross nitrification rateʣͱ AOB ͷ amoA ଘࡏྔʹ૬͕ؔ͋Δࣄ
Λݟ͍ͩ͠ɺ֎དྷ২෺ͷҠೖʹ൐͏঳Խ଎౓ͷมԽ͸౔৕ͷ AOB ܈ूͷมԽʹΑͬͯ
େ෦෼͕આ໌Ͱ͖ΔࣄΛࣔͨ͠ɻAttard et al. ʢ2010ʣ͸೶ߞ஍౔৕ʹ͓͍ͯɺNitrobacter
ͷ nxrA ଘࡏྔͱѥ঳ࢎࢎԽϙςϯγϟϧͷؒʹਖ਼ͷ૬͕ؔ͋ΔҰํͰɺNitrospira ͷ
16S rRNA Ҩ఻ࢠྔͱͷؒʹෛͷऑ͍૬͕ؔ͋Δ͜ͱΛݟ͍ͩ͠ɺ஠ૉͷՄڅੑ͕ߴ͍
౔৕Ͱ͸ Nitrobacter ͕ػೳతʹॏཁͳ NOB άϧʔϓͰ͋Δ͜ͱΛࣔͨ͠ɻ͜ΕΒͷ݁
Ռ͸౔৕ͷ঳Խ଎౓͕ AOB ΍ NOB ͷ܈ूαΠζʢpopulation  sizeʣʹΑͬͯେ͖͘ί
ϯτϩʔϧ͞Ε͍ͯΔ͜ͱΛ͍ࣔࠦͯ͠ΔɻՃ͑ͯɺWebster et al.ʢ2005ʣ͸߹੒༽೘
ΛఴՃͨ͠೶ߞ஍౔৕Λ༻͍ͨϚΠΫϩίζϜ࣮ݧʹͯɺ ౔৕தͰ঳ࢎ͕ੜ੒͞ΕΔ·
Ͱͷظؒ͸ɺ౔৕தʹଘࡏ͍ͯ͠Δ AOB ܈ूͷੜཧֶతੑ࣭ʹґଘ͢ΔࣄΛࣔͨ͠ɻ
͜ͷ݁Ռ͸ɺ঳Խͷ։࢝΍ͦͷ଎౓͕ AOB ͷ܈ूαΠζ͚ͩͰͳ͘ɺ܈ू૊੒
ʢcommunity compositionʣʹΑͬͯ΋େ͖͘ίϯτϩʔϧ͞Ε͍ͯΔ͜ͱΛ͍ࣔࠦͯ͠
Δɻ 
 ͦͷҰํͰɺ೶ߞ஍౔৕ͱ͸ҟͳΓɺࢎੑ৿ྛ౔৕ʹ͓͍ͯ͸ɺAOB ͷੜଶ΍঳Խ
΁ͷد༩͸΄ͱΜͲΘ͔͍ͬͯͳ͍ɻ AOB ͸ج࣭ͱͯ͠ NH3Λར༻͢Δ ʢFigure 1-6ʣɻ
NH4
+ͷ pKa ͸ߴ͘ʢNH3+H
+ ! NH4
+; pKa=9.25ʣɺ ࢎ ੑ ౔ ৕ Ͱ ͸ NH3͸ NH4
+΁ͱΠΦϯ
Խ͢ΔͨΊɺNH3ͷ AOB ΁ͷՄڅੑʢڙڅྔʣ͸େ͖͘௿Լʢݮগʣ͢Δɻ·ͨɺط
஌ͷ AOB ͷഓཆגͷ΄ͱΜͲ͸ࢎੑ৚݅ʢpH  <  6.5ʣͰ͸ੜҭͰ͖ͳ͍ɻ࣮ࡍʹଟ͘
ͷࢎੑ৿ྛ౔৕Ͱ AOB ͸ݕग़͞ΕΔʢDe Boer and Kowalchuk 2001; Burton and Prosser   9 
2001; Laverman et al. 2001; Mintie et al. 2003; Nugroho et al. 2006ʣ͕ɺͦͷଘࡏྔ͸தੑ
౔৕ʹൺ΂ͯང͔ʹগͳ͍͜ͱ͕ใࠂ͞Ε͍ͯΔʢLaverman et al. 2005; Schmidt et al. 
2007ʣ ɻ͜ Ε Β ͕ ɺࢎ ੑ ৿ ྛ ౔ ৕ ʹ ͓ ͚ Δ AOB ͷੜଶ΍঳Խ΁ͷد༩͕ະղ໌Ͱ͋Δओ
ཁͳݪҼͰ͋Δɻ 
 
1.3.2 ΞϯϞχΞࢎԽΞʔΩΞ 
 ΞʔΩΞ͸ैདྷɺߴԹ؀ڥͳͲͷۃݶ؀ڥʹภࡏ͍ͯ͠Δͱߟ͑ΒΕ͖͕ͯͨɺۙ೥
ͷΫϩʔϯղੳ͔Βۃݶ؀ڥҎ֎ʹ΋޿͘෼෍͍ͯ͠Δ͜ͱ͕໌Β͔ʹͳͬͨɻ ͞Βʹ
ΞʔΩΞυϝΠϯͷதͷ 4 ͭͷքͷ 1 ͭͰ͋ΔΫϨϯΞʔΩΦʔλ͕ɺ৿ྛɺ೶ߞ஍ɺ
૲஍ͳͲͷ౔৕͔Βݕग़͞Ε ʢBintrim et al. 1997; Jurgens et al. 1997; Buckley et al. 1998ʣɺ
͞Βʹ౔৕༝དྷͷ 43-kbp  ϝλήϊϜϑϥάϝϯτͷղੳ͔ΒɺͦΕΒΫϨϯΞʔΩΦ
ʔλ͕ΞϯϞχΞࢎԽೳΛ΋͍ͬͯΔՄೳੑ͕ࢦఠ͞ΕͨʢTreusch et al. 2005ʣɻ ͢ ͳ
Θͪɺͦͷϑϥάϝϯτʹ͸ΫϨϯΞʔΩΦʔλʹ༝དྷ͢Δ 16S rRNA Ҩ఻ࢠͱͱ΋ʹ
ࡉەʢAOBʣͷ amoA  ͓Αͼ  amoB ʹΘ͔ͣʹྨࣅ͢Δ഑ྻؚ͕·Ε͍ͯͨɻ·ͨα
ϧΨοιւʹ͓͚ΔϝλήϊϜݚڀͷ݁Ռ͔Β΋ɺ ΫϨϯΞʔΩΦʔλʹΑΔ঳ԽͷՄ
ೳੑ͕ࢦఠ͞Εͨ ʢVenter et al. 2004; Schleper et al. 2005ʣɻ ࠷ ऴ త ʹ γ Ξ τ ϧ ਫ ଒ ؗ ͔ Β
தԹੑΫϨϯΞʔΩΦʔλɺNitrosopumilus maritimus SCM1 ג͕෼཭͞Εͨ͜ͱͰΫϨ
ϯΞʔΩΦʔλʹΑΔ঳Խ͕֬ೝ͞Εͨ ʢKönneke et al. 2005ʣʢ Figure 1-7ʣ ɻ N. maritimus 
SCM1ג͸ɺ NH3Λ།ҰͷΤωϧΪʔݯͱͯ͠Խֶ߹੒ಠཱӫཆతʹ૿৩͠ɺ NH3ΛNO2
–
ʹࢎԽͨ͠ɻ 
 ͞ΒʹɺΫϨϯΞʔΩΦʔλͷ amoA ͷ૬ಉԘج഑ྻ͕΄ͱΜͲͷ཮ҬɺਫҬ͔Βݕ
ग़͞Εɺͦͷଘࡏྔ͸ɺࡉەʢAOBʣͷ amoA ΑΓ΋ଟ͘ɺ৔ॴʹΑͬͯ͸਺ܻଟ͔ͬ
ͨʢLeininger et al. 2005; Francis et al. 2005; Beman et al. 2010ʣ ɻͦΕʹΑΓɺ͜Ε·Ͱߟ
͑ΒΕ͖ͯͨ؀ڥதͰͷ঳ԽͷύϥμΠϜ͸େ͖͘มԽͨ͠ɻ 
 Ͱ͸ɺΫϨϯΞʔΩΦʔλ͸ͦͷେ͖ͳଘࡏྔ͕ࣔ͢௨Γɺ࣮ࡍʹ঳Խʹେ͖͘د༩  10 
͍ͯ͠ΔͷͰ͋Ζ͏͔ɻւ༸Ͱͷ͍͔ͭ͘ͷݚڀʹ͓͍ͯɺΞϯϞχΞࢎԽ଎౓͸ɺࡉ
ەͷ amoA ଘࡏྔΑΓΞʔΩΞͷ amoA ଘࡏྔ͋Δ͍͸ΫϨϯΞʔΩΦʔλͷࡉ๔਺ͱ
͸Δ͔ʹྑ͍૬͕ؔ͋Δ͜ͱ͕ࣔ͞ΕͨʢWuchter et al. 2006; Beman et al. 2008ʣ ɻ͞Β
ʹ AOA ͷ།Ұͷ୯཭גͰ͋Δɺւ༸؀ڥ͔Β୯཭͞Εͨ N. maritimus SCM1 גͷੜཧ
ֶతݚڀ͔ΒɺSCM1 ͸ශӫཆͷ֎༸ͰΈΒΕΔΑ͏ͳ௿͍ NH3ೱ౓ʢ10 nMʣʹదԠ
͢Δ͜ͱ͕໌Β͔ͱͳͬͨʢMartens-Habbena et al. 2009ʣɻ ͜ Ε Β ͷ ݚ ڀ ͔ Β ɺ ΫϨϯΞ
ʔΩΦʔλͷҰ෦͕ւ༸ͷ঳Խʹେ͖͘د༩͍ͯ͠Δͱߟ͑ΒΕ͍ͯΔɻ 
 ͔͠͠ɺւҬʹ͓͚Δঢ়گͱ͸ҟͳΓɺ౔৕؀ڥʹ͓͍ͯ͸ΫϨϯΞʔΩΦʔλ͕঳
Խʹେ͖͘د༩͍ͯ͠Δͷ͔Ͳ͏͔ɺ ະͩෆ໌֬ͷ··Ͱ͋Δɻ ্ड़ ʢηΫγϣϯ 1.2.1ʣ
ͷ௨ΓɺAOB ͷଘࡏྔ΍܈ू૊੒ͷಈଶͱ঳Խ଎౓ʹ͸ਖ਼ͷ૬͕ؔ͋ΓʢOkano et al. 
2004; Hawkes et al. 2005; Webster et al. 2005ʣɺ · ͨ AOB ʹΑΔ঳Խͷ൓Ԡ଎౓ύϥϝʔ
λʔ͸ഓཆגͷͦΕͱ΋ྑ͘Ұகͨ͠ʢOkano et al. 2004ʣɻ ͜ Ε Β ͷ ݁ Ռ ͸ ৽ ͨ ͳ Ξ ϯ
ϞχΞࢎԽඍੜ෺ͷଘࡏΛ͍ࣔࠦͯ͠ͳ͍ɻJia and Conradʢ2009ʣ͸೶ߞ஍౔৕ʹ͓͍
ͯɺNH4
+ఴՃʹͱ΋ͳ͏঳Խ଎౓ͷมԽ͸ࡉەͷ amoA ଘࡏྔͷಈଶͱରԠ͠ɺΞʔΩ
ΞͷͦΕͱରԠ͠ͳ͍͜ͱ͔Βɺ೶ߞ஍౔৕Ͱ͸ AOB ͕ AOA ΑΓ΋͸Δ͔ʹ༏઎͠
ͯΞϯϞχΞࢎԽΛ୲͍ͬͯΔͱ݁࿦͚ͮͨɻDi  et  al.ʢ2009ʣ΋೘ૉΛఴՃͨ͠౔৕
ʹ͓͍ͯɺ঳Խ଎౓ͱ AOB ͷ amoA ଘࡏྔͱͷؒʹਖ਼ͷ૬ؔΛݟ͍ͩ͠ɺAOA ͱͷؒ
ʹ͸ݟ͍ͩͤͳ͔ͬͨ͜ͱ͔Βɺಉ༷ͷ݁࿦Λࣔͨ͠ɻ 
 ͔͠͠ Offre et al. (2009)͸ɺϚΠΫϩίζϜ࣮ݧͰɺ঳Խ׆ੑͷߴ͍೶ߞ஍౔৕ʹ͓
͍ͯ AOA ͷΈͷ૿৩Λ֬ೝͨ͠ɻ͞ΒʹΞηνϨϯʢC2H2ʣͷఴՃʹΑΓ AOA ͷ૿
৩ͱ঳Խ͕ಉ࣌ʹ཈੍͞Εͨ͜ͱ͔ΒɺAOA ͕༏઎ͯ͠ΞϯϞχΞࢎԽΛ୲͍ͬͯΔ
ͱใࠂͨ͠ɻChang  et  al.ʢ2010ʣ΋೶ߞ஍౔৕Λ༻͍ͨϚΠΫϩίζϜ࣮ݧͰɺAOA
ͷΞϯϞχΞࢎԽ׆ੑΛࣔͨ͠ɻ ͔͠͠൴ΒͷϚΠΫϩίζϜ࣮ݧͰ૿৩΍ͦͷΞϯϞ
χΞ׆ੑ͕ࣔࠦ͞Εͨ AOA ͸ɺܥ౷తʹւ༸ͷ AOA ͕ଟؚ͘·ΕΔ g r o u p  1 . 1 aʹҐ
ஔ͍ͯͨ͠ɻ ଟ͘ͷ౔৕Ͱ͸ group 1.1b ʹҐஔ͢ΔΫϨϯΞʔΩΦʔλ͕ݕग़͞Ε͓ͯ  11 
Γɺ౔৕ʹ๛෋ʹଘࡏ͢Δ group 1.1b ʹҐஔ͢ΔΞʔΩΞ͕ɺ౔৕ͷΞϯϞχΞࢎԽΛ
ຊ౰ʹ୲͍ͬͯΔ͔Ͳ͏͔͸໌Β͔Ͱͳ͍ɻ 
 
1.3.3 ैଐӫཆੑ঳Խඍੜ෺ 
 ܥ౷తʹଟذʹΘͨΔैଐӫཆੑͷࡉە΍ΧϏ͸ɺ༗ػଶɾແػଶͷ஠ૉԽ߹෺Λࢎ
ԽͰ͖ΔͨΊʹɺैଐӫཆੑ঳ԽͷϙςϯγϟϧΛ͍࣋ͬͯΔʢFocht  and  Verstraete 
1977ʣ ɻಠཱӫཆੑ঳Խͱͷॏཁͳҧ͍͸ɺैଐӫཆੑ঳Խ͸ࡉ๔ͷ૿৩ʹ݁ͼ͍ͭͯ
͍ͳ͍͜ͱʹ͋ΔʢWood  1987;  Killham  1990ʣɻ ݹ ͘ ͔ Β ɺ ಛ ʹ ࢎ ੑ ৿ ྛ ౔ ৕ Ͱ ͸ ैଐ
ӫཆੑ঳Խ͕ॏཁͩͱߟ͑ΒΕ͖ͯͨɻͦΕ͸ओʹɺࢎੑ৚݅Ͱ͸ AOB ͷ঳Խ׆ੑ͕
્֐͞ΕΔͱߟ͑ΒΕ͖ͯͨ͜ͱʹΑΔʢલड़ɺAllison and Prosser 1991ʣɻ  
 ͍͔ͭ͘ͷࢎੑ৿ྛ౔৕Ͱ͸ɺ ଟ͔Εগͳ͔Εैଐӫཆੑ঳Խͷଘࡏ͕ࣔ͞Ε͖ͯͨ
ʢSchimel et al. 1984; Stroo et al. 1986; Pederson et al. 1999; Brierley and Wood 2001; Grenon 
et al. 2004; Jordan et al. 2005ʣɻ Ճ ͑ ͯ ɺ ͍ ͘ ͭ ͔ ͷ ݚ ڀ Ͱ ͸
15N Λར༻ͨ͠૯঳Խ଎౓
ͷଌఆͱɺC2H2 ͳͲͷಠཱӫཆੑ঳Խͷ્֐෺࣭Λซ༻ͯ͠ɺ૯ಠཱӫཆੑ঳Խ଎౓
ͱ૯ैଐӫཆੑ঳Խ଎౓ΛͦΕͧΕఆྔ͍ͯ͠ΔʢHart et al., 1997; Pederson et al. 1999; 
Grenon et al. 2004; Perakis et al. 2005; Islam et al. 2007; Kuroiwa et al. in reviewʣ ɻͦͷ݁Ռɺ
Hart et al. (1997)͸ࢎੑ਑༿थྛ౔৕ʹ͓͍ͯɺ ঳Խશମͷ͏ͪ 60%Ҏ্͕ैଐӫཆੑ঳
ԽͰ͋Δͱใࠂͨ͠ɻ·ͨ Grenon et al. (2004)͸െ࠾͞Εͨ৿ྛͷࢎੑ౔৕ʹ͓͍ͯɺ
ैଐӫཆੑ঳Խ͸΄΅ 100%ʹ্Δͱใࠂͨ͠ɻ͔͠͠ɺͦͷҰํͰɺ਺ଟ͘ͷݚڀ݁
Ռ͸ɺࢎੑ৿ྛ౔৕Ͱ͋ͬͯ΋ैଐӫཆੑ঳Խͷد༩͸େ͖͘ͳ͍͜ͱΛ͍ࣔͯ͠Δ
ʢDe Boer et al. 1989, 1992; Tietema et al. 1992; Pennington and Ellis 1993; Barraclough and 
Puri 1995; Rudebeck and Persson 1998; Islam et al. 2007; Kuroiwa et al. in reviewʣɻ · ͨ ैଐ
ӫཆੑඍੜ෺ͷ୯཭ג͸AOBͷ 10
3෼ͷ̍͋Δ͍͸10
4෼ͷ1 ҎԼͷ঳Խ׆ੑ͔ࣔ͠͞
ͣʢFocht and Verstraete 1977ʣɺ ΄ ͱ Μ Ͳ ͷ ୯ ཭ ג ͸ ࢎ ੑ ͷ ഓ ཆ ৚ ݅ Ͱ ͸ ঳ Խ ׆ ੑ Λ ࣔ ͞
ͳ͍ʢDe Boer and Kowalchuk 2001ʣɻ ͜ Ε Β ͷ ݚ ڀ ʹ Α Δ ͱ ɺ ैଐӫཆੑ঳Խ͸ࢎੑ౔  12 
৕ʹ͓͍ͯඞͣ͠΋༏઎తͳϓϩηεͱ͸͍͑ͳ͍ɻ ͜ΕΒͷ૬൓͢Δݚڀ݁Ռͷઆ໌
ͱͯ͠ɺޙऀͷݚڀͷ౔৕Ͱ͸ɺ଱ࢎੑ͋Δ͍͸޷ࢎੑͷಠཱӫཆੑ঳Խඍੜ෺͕ଘࡏ
͠ɺ঳ԽΛ୲͍ͬͯΔͱߟ͑ΒΕ͖ͯͨʢHart et al. 1997ʣɻ ࣄ ࣮ ɺ ଟ ͘ ͷ ࢎ ੑ ৿ ྛ ౔ ৕
ʹ͓͍ͯAOBͷamoAҨ఻ࢠ͕ݕग़͞Ε͓ͯΓ ʢDe Boer and Kowalchuk 2001; Burton and 
Prosser 2001; Laverman et al. 2001; Mintie et al. 2003; Nugroho et al. 2006ʣɺ Nitrosospira 
clusters  2  ͓Αͼ 4  ʹଐ͢Δ AOB ʹ͸ࢎੑ଱ੑ͕ڧ͍Ұ܈ؚ͕·Ε͍ͯΔՄೳੑ͕ߴ
͍ ( N u g r o h o  e t  a l .  2 0 0 5 ,  2 0 0 6 ) ɻ͔͠͠ɺͦͷଘࡏྔ͸গͳ͘ɺͦΕΒͷ AOB ͷΈʹΑ
ͬͯࢎੑ৿ྛ౔৕ͷΞϯϞχΞࢎԽ͕୲ΘΕ͍ͯΔ͔͸Θ͔͍ͬͯͳ͍ ʢLaverman et al. 
2005; Schmidt et al. 2007ʣɻ ͦ ͷ ͨ Ί ɺ ۙ ೥ ൃ ݟ ͞ Εͨ AOA ͕ɺࢎੑ౔৕Ͱͷ঳ԽʢΞ
ϯϞχΞࢎԽʣʹد༩͢ΔϓϨʔϠʔͷ৽ͨͳީิͱͯ͠ߟ͑ΒΕΔɻ 
 
1.4 ৿ྛͷ஠ૉ॥؀ͱඍੜ෺܈ूͱͷϦϯΫ 
 ͜ͷηΫγϣϯͰ͸ɺ஠ૉ॥؀ϝΧχζϜͷཧղʹ޲͚ͯɺ஠ૉ॥؀ϓϩηεͱ஠ૉ
॥؀ʹେ͖ؔ͘ΘΔ͋Δ͍͸ͦͷϓϩηεΛ୲͍ͬͯΔඍੜ෺܈ूͱͷϦϯΫͷॏཁ
ੑʹ͍ͭͯɺ·ͨͦͷϦϯΫΛղ໌͢ΔͨΊͷ՝୊ʹ͍ͭͯड़΂Δɻ͜ͷϦϯΫͷ໛ࣜ
ਤΛ Figure 1-8 ʹࣔ͢ɻ 
 ͜Ε·Ͱɺ஠ૉ॥؀ϝΧχζϜ͸༷ʑͳ؀ڥཁҼʢྫ͑͹ؾީɺ২ੜ΍ɺ౔৕ pHɺ
୸ૉɾ஠ૉؚྔɺਫ෼ؚྔͳͲͷ౔৕ͷ෺ཧԽֶతಛੑɺؔ࿈͢Δ஠ૉϑϩʔͷ଎౓ͳ
Ͳʣͱͷؔ࿈͔Βٞ࿦͞Ε͖ͯͨʢBooth et al. 2005ʣʢ Figure 1-8Aʣɻ ͦ ͷ Ұ ํ Ͱ ɺ ஠ ૉ
ม׵ϓϩηεΛ୲͏ඍੜ෺܈ूͷ৘ใ͸΄ͱΜͲؚ·Εͯ͜ͳ͔ͬͨɻ ͦͷཧ༝ͷҰͭ
ͱͯ͠ɺ෼ࢠੜଶֶతख๏ͷൃలҎલʹ͸ɺඍੜ෺܈ूͷੜଶͱ஠ૉม׵ϓϩηεΛͭ
ͳ͙Α͏ͳ in  situ ͷඍੜ෺܈ूͷݚڀ͕ࠔ೉Ͱ͋ͬͨ͜ͱ͕͋͛ΒΕΔʢZak  et  al. 
2006ʣɻ ͠ ͔ ͠ ɺ ্ ड़ ʢ η Ϋ γ ϣ ϯ 1.2ʣͷΑ͏ʹɺݱࡏͰ͸ in situ ͷඍੜ෺܈ूʹؔ͢
Δଟ͘ͷ৘ใΛಘΔࣄ͕Ͱ͖ɺͦͷଟ͘͸೶ߞ஍౔৕Λର৅ͱͨ͠΋ͷͰ͸͋Δ͕ɺ஠
ૉม׵ϓϩηεͱͦΕΛ୲͏ඍੜ෺܈ूͷಛੑʢଘࡏྔɺ܈ू૊੒ɺ׆ੑʣͱͷؔ࿈Λ  13 
Պֶతʹهड़͢ΔࢼΈ΋ߦΘΕͭͭ͋ΔʢFigure 1-8Bʣɻ ै དྷ ͷ ஌ ݟ ʢ Figure 1-8Aʣʹ
Ճ͑ɺ؀ڥཁҼͷมԽʹΑͬͯඍੜ෺܈ू͕ͲͷΑ͏ʹվม͠ʢFigure  1-8Bʣɺ · ͨ ͦ
ΕʹΑͬͯ܈ूͷੜଶܥػೳͱͯ͠ͷ஠ૉ॥؀ϓϩηε͕Ͳ͏มԽ͢Δͷ͔ʢFigure 
1-8Cʣɺ ͦ Ε Β ͷ ৘ ใ Λ ซ ͤ Δ ͜ ͱ Ͱ ɺ ৿ ྛ ੜ ଶ ܥ ʹ ͓ ͚ Δ ஠ ૉ ॥ ؀ ͷ શ ମ ૾ Λ ΑΓਂ
͘ཧղͰ͖Δ͜ͱ͸໌Β͔Ͱ͋Δ ʢSchimel et al. 2005; Philippot and Hallin 2005; Zak et al. 
2006ʣɻ  
 ͔͠͠ɺ ৿ྛੜଶܥʹ͓͚Δ஠ૉ॥؀ϓϩηεͱඍੜ෺܈ूͷ৘ใΛϦϯΫͤ͞Δͨ
Ίʹ͸ɺະͩʹߴ͍ϋʔυϧ͕͋ΔɻͦͷҰͭ͸஠ૉ॥؀ϓϩηεͷ೺ѲͰ͋ΔɻͦΕ
͸ɺଟ͘ͷ৿ྛੜଶܥ͸஠ૉ੍ݶԼʹ͋ΔͨΊʹɺແػଶ஠ૉͷಈଶ͕ஶ͘͠ɺ஠ૉ॥
؀଎౓͕େ͖͍͜ͱʹ༝དྷ͢Δɻ৿ྛ౔৕தͷ஠ૉͷಈଶΛཧղ͢ΔͨΊʹ͸ɺ·ͣ஠
ૉͷϑϩʔͱϓʔϧΛ෼͚ͯߟ͑Δඞཁ͕͋Δɻ ϑϩʔ͸ແػԽ΍঳ԽͳͲͷϓϩηε
ʢFigure 1-4ͷ໼ҹʣͰ͋Γɺϓʔϧ͸NH4
+΍NO3
-ͳͲͷ֤஠ૉԽ߹෺ͷԾ૝తͳू߹
ʢFigure 1-4ͷϘοΫεʣͰ͋ΔɻҰൠతʹ৿ྛੜଶܥ͸ɺແػଶ஠ૉͷϓʔϧͷαΠ
ζ͸খ͍͕͞ ʢલड़1.2.2ʣ ɺϑ ϩ ʔ ͷ଎౓͸େ͖͍ͱ͍͏ಛ௃Λ΋ͭ ʢBormann et al. 1997ʣ ɻ
͕ͨͬͯ͠ϓʔϧͱͯ͠ͲΕ͚ͩଘࡏ͍ͯ͠Δ͔ͱ͍͏৘ใ͚ͩͰͳ͘ɺ ͲΕ͚ͩͷϑ
ϩʔ͕͋Δͷ͔ͱ͍ͬͨ৘ใΛಘΔ͜ͱ͕ॏཁͰ͋Δɻ ͔͠͠ϑϩʔͷ଎౓ͷଌఆ͸ϓ
ʔϧͷαΠζͷଌఆʹൺ΂ͯҰൠతʹ೉͍͠ɻ౔৕தͷϓʔϧαΠζ͸ɺྫ͑͹ɺ౔৕
நग़ӷதͷNH4
+΍NO3
–ೱ౓Λଌఆ͢ΔࣄͰٻΊΒΕΔɻ Ұํɺ ϑϩʔͷ଎౓ʹ͍ͭͯ঳
ԽΛྫʹͱΔͱɺ঳Խ଎౓ͱ͸୯Ґ࣌ؒ౰ͨΓͷNO3
–ੜ੒ྔͰ͋ΔɻͦΕ͸ɺଟ͘ͷ৔
߹ɺ Ұఆظؒ౔৕ΛϑΟʔϧυ΍࣮ݧࣨͰഓཆ͠ɺ ഓཆલͱഓཆޙͷNO3
–ೱ౓ͷมԽ͔
Βࢉग़͞ΕΔʢݟ͔͚ͷ঳Խ଎౓ɿ७঳Խ଎౓ʣ ɻ͔͠͠ɺNO3
–ೱ౓มԽ͔Βࢉग़ͨ͠
७঳Խ଎౓͸ɺ ͋͘·Ͱ୯Ґ࣌ؒ౰ͨΓͷਖ਼ຯͷNO3
–ੜ੒ྔͰ͋Γɺ ࣮ࡍͷNO3
–ੜ੒ྔ
ʢਅͷ঳Խ଎౓ɿ૯঳Խ଎౓ʣΛද͍ͯ͠ͳ͍ɻͳͥͳΒ͹ɺ঳ԽʹΑͬͯੜ੒ͨ͠
NO3
–͸ɺ ಉ࣌ʹඍੜ෺ಉԽ΍୤஠ͳͲͷϓϩηεʹΑͬͯফඅ͞ΕΔ͔ΒͰ͋Δɻ ͭ·
Γɺ ७঳Խ଎౓͸࣮ࡍͷ঳Խ଎౓ ʢ૯঳Խ଎౓ʣ ʹൺ΂ͯখ͍͞ ʢDavidson et al. 1992ʣ ɻ  14 
ͦͷͨΊɺແػଶ஠ૉͷಈଶ͕ஶ͍͠৿ྛ౔৕ʹ͓͍ͯ஠ૉ॥؀ϓϩηε͸ɺ஠ૉϑϩ
ʔͷ૯଎౓ʹ΋ͱ͍ͮͯղੳ͢Δඞཁ͕͋Δɻ 
 ·ͨɺ ঳Խඍੜ෺܈ूͷػೳ͸௚઀తʹ͸ɺ NO3
–ͷϓʔϧαΠζ΍७঳Խ଎౓Ͱ͸ͳ
͘ɺ૯঳Խ଎౓ʹ൓ө͞Ε͍ͯΔɻ͕ͨͬͯ͠ɺ঳Խඍੜ෺܈ूͷಛੑʢଘࡏྔɺ܈ू
૊੒ɺ׆ੑʣͱͦͷੜଶܥػೳͱͯ͠ͷ঳ԽΛϦϯΫ͢ΔͨΊʹ΋ɺ૯঳Խ଎౓ͷଌఆ
͕ෆՄܽͰ͋Δɻ 
 ͜Ε·Ͱɺ৿ྛ౔৕தͷ૯঳Խ଎౓΍૯ແػԽ଎౓͕஠ૉ҆ఆಉҐମʢ
15NʣΛ༻͍
ͯଌఆ͞Ε͖ͯͨɻ۩ମతʹ͸౔৕ʹ
15NH4
+΍
15NO3
–ΛఴՃ͠ɺͦͷ NH4
+΍ NO3
–ͷ஠
ૉ҆ఆಉҐମൺʢ
15N/
14Nʣͱೱ౓ͷ୯Ґ࣌ؒ͋ͨΓͷมԽ͔Β૯଎౓Λࢉग़͖ͯͨ͠ɻ
͔͠͠ɺैདྷߦΘΕ͖ͯͨ஠ૉԽ߹෺ͷ
15N/
14N Λଌఆ͢Δํ๏͸ɺඍੜ෺Λࡐྉͱ͠
ͯੜଶֶతɾੜཧֶతݚڀΛߦ͏ݚڀऀʹͱͬͯ͸ະͩϋʔυϧ͕ߴ͍ɻ෼ੳߦఔ͕൥
ࡶͰ͋Δ͜ͱɺߴՁͳಉҐମൺ࣭ྔ෼ੳܭʢisotope ratio mass spectrometry; IRMSʣΛ༻
͍ɺԽֶτϥοϓʢchemical trapʣɺ Ϋ ϥ Π Φ ϑ Υ ʔ Χ ε Ϣ χ ο τ ʢ cryofocusing unitsʣ
ͳͲͷಛघͳલॲཧ͕ଟ͘ͷ৔߹ඞཁͱ͞ΕΔ͜ͱͳͲ͕ݪҼͰ͋ΔɻͦͷͨΊɺ૯଎
౓Λଌఆ͢ΔͨΊͷ؆ศͳख๏ͷ։ൃ͕ඞཁͰ͋Δɻ 
 
1.5 ݚڀ՝୊ͱຊݚڀͷ໨త 
 ৿ྛੜଶܥʹ͓͍ͯɺ஠ૉ॥؀͸ͲͷΑ͏ʹ੍ޚ͞Ε͍ͯΔͷ͔ɺ·ͨ஠ૉෛՙͷ૿
େ͸஠ૉ॥؀ʹͲͷΑ͏ͳӨڹΛ༩͑Δͷ͔ɺͱ͍͏؍఺͔Βɺ૿େ͢Δ஠ૉෛՙʢη
Ϋγϣϯ 1.1ʣɺ ৿ ྛ ͷ ஠ ૉ ॥ ؀ ͷ ม Խ ʢ η Ϋ γ ϣ ϯ 1.2ʣɺ ঳ Խ ඍ ੜ ෺ ܈ ू ʢ η Ϋ γ ϣ ϯ
1.3ʣɺ ஠ ૉ ॥ ؀ ϓ ϩ η ε ͱ ඍ ੜ ෺ ܈ ू ͷ Ϧ ϯ Ϋ ͷ ॏ ཁ ੑ ʢ η Ϋ γ ϣ ϯ 1.4ʣʹ͍ͭͯड़
΂ͨɻͦͷதͰ͍͔ͭ͘ͷ໰୊఺Λఏࣔͨ͠ɻ͢ͳΘͪɺ 
ʢ1ʣ஠ૉෛՙͷ૿େʹ൐͏৿ྛͷ஠ૉ॥؀ܥͷมԽ͸ੈքతͳ໰୊Ͱ͋ΔɻͦΕʹ΋
ؔΘΒͣɺࠓޙ࠷΋஠ૉෛՙ͕ݦஶʹͳΔͱ༧૝͞ΕΔ౦ΞδΞͷ೤ଳɾѥ೤ଳྛ
ʹ͓͚Δ஠ૉ॥؀ϓϩηε΍஠ૉ๞࿨ఔ౓͸΄ͱΜͲΘ͔͍ͬͯͳ͍ɻ   15 
ʢ2ʣ঳Խඍੜ෺܈ू͸౔৕தͷ঳ࢎੜ੒ͷओཁͳϓϨʔϠʔͰ͋Δɻ͔͠͠ࢎੑ৿ྛ
౔৕ʹ͓͍֤ͯඍੜ෺܈ूʢAOBɺAOAɺैଐӫཆੑඍੜ෺ɺNOBʣ͕ͦΕͧΕ
Ͳͷఔ౓঳ԽΛ୲͍ͬͯΔͷ͔ɺ΄ͱΜͲ໌Β͔ʹͳ͍ͬͯͳ͍ɻ 
ʢ3ʣ঳Խە܈ूͷಛੑʢଘࡏྔɺ܈ू૊੒ɺ׆ੑʣͱͦͷੜଶܥػೳͱͯ͠ͷ঳ԽΛ
ϦϯΫ͢ΔͨΊʹ͸ɺ ஠ૉϑϩʔͷϓϩηε΍଎౓Λఆྔతʹଌఆ͢Δඞཁ͕͋Δɻ
͔͠͠ɺͦͷͨΊͷ෼ੳख๏͕ඍੜ෺Λࡐྉͱͯ͠ੜଶֶతɾੜཧֶతݚڀΛߦ͏
ݚڀऀʹͱͬͯ͸༰қͰ͸ͳ͍ɻ 
 ౦ΞδΞͷ೤ଳɾѥ೤ଳྛʹ͓͚Δɺ NO3
–ੜ੒ϓϩηεͷશମ૾΍஠ૉ๞࿨ఔ౓Λ໌
Β͔ʹ͠ɺ ࠓޙ༧૝͞ΕΔ஠ૉෛՙͷ૿େʹͱ΋ͳ͏஠ૉ॥؀ϓϩηεͷมԽΛ༧ଌ͢
ΔͨΊʹ͸ɺ ʢ̍ʣ౔৕ʹ͓͚Δ஠ૉϑϩʔͷ଎౓Λࢉग़͠ɺͦͷಛ௃Λ໌Β͔ʹ͢Δ
͜ͱɺ ʢ̎ʣNO3
–ੜ੒Λ୲͍ͬͯΔ঳Խඍੜ෺܈ूΛಛఆ͢Δͱಉ࣌ʹɺͦͷ঳Խඍੜ
෺܈ूͷಛੑʢଘࡏྔɺ܈ू૊੒͓Αͼ׆ੑʣͱ NO3
–ੜ੒଎౓ͱͷؔ܎Λ໌Β͔ʹ͢
Δ͜ͱɺ ʢ̏ʣ஠ૉྲྀೖྔͷ૿େʹͱ΋ͳ͏஠ૉϑϩʔͷมԽΛ໌Β͔ʹ͢Δ͜ͱ͕ඞ
ཁͰ͋Δɻ্هͷ໰୊Λղܾͯ͜͠ΕΒΛ࣮ߦ͢ΔͨΊʹɺຊݚڀͰ͸ҎԼͷ 4 ͭͷ໨
తΛઃఆͨ͠ɻ 
ʢ1ʣ౔৕தͷ஠ૉϑϩʔͷϓϩηε΍଎౓Λఆྔతʹଌఆ͢ΔͨΊͷ؆ศͳख๏Λ֬
ཱ͢Δɻ 
ଓ͍ͯɺߴ஠ૉෛՙΛड͚͍ͯΔதࠃೆ෦ʹҐஔ͢Δࢎੑѥ೤ଳྛ౔৕ʹ͓͍ͯɺ 
ʢ2ʣ౔৕தͷ஠ૉϑϩʔͷ଎౓Λఆྔతʹࢉग़͠ɺ஠ૉϑϩʔͷಛ௃ͱ஠ૉྲྀೖྔͷ
૿େʹର͢Δ஠ૉϑϩʔͷมԽΛ໌Β͔ʹ͢Δɻ 
ʢ3ʣ঳ԽΛ୲͍ͬͯΔඍੜ෺܈ूΛಛఆ͠ɺͦΕΒඍੜ෺܈ͷ NO3
–ੜ੒΁ͷد༩Λఆ
ྔతʹ໌Β͔ʹ͢Δɻ 
͜ΕΒΛ௨ͯ͠ɺ 
ʢ4ʣѥ೤ଳྛ౔৕தͷ NO3
–ੜ੒ϝΧχζϜͷશମ૾Λ໌Β͔ʹ͠ɺࠓޙ༧૝͞ΕΔ஠
ૉෛՙͷ૿େʹͱ΋ͳ͏஠ૉ॥؀ϓϩηεͷมԽΛ༧ଌ͢Δɻ   16 
 
1.6 ௐࠪ஍ͷ֓ཁ 
 ຊݚڀͷௐࠪ஍ͱͯ͠͸ɺ ஠ૉ௜ணྔ͕ࠓޙɺ ࠷΋ݦஶʹͳΔͱ༧૝͞ΕΔதࠃೆ෦
ʹ͋Δѥ೤ଳྛΛબΜͩʢηΫγϣϯ 1.2.1ɺFigure 1-3ʣɻ ͜ ͷ ௐ ࠪ ஍ ͸ த ࠃ Պ ֶ Ӄ ʹ Α
ͬͯ௕೥ɺར༻ɾ؅ཧ͞ΕɺϞχλϦϯάσʔλͷ஝ੵ͕͋Δɻ·ͨɺ؀ڥཁҼ͕஠ૉ
॥؀΍ඍੜ෺܈ूʹ༩͑ΔӨڹΛධՁ͢ΔͨΊʹɺ২ੜ΍ྛྸɺ·ͨ஠ૉྲྀೖྔͷҟͳ
Δ৿ྛΛؚΊͨɻ 
 
1.6.1 ϩέʔγϣϯ 
 ௐࠪ஍͸ͱ΋ʹѥ೤ଳؾީҬͷதࠃೆ෦ʹҐஔ͢Δ Dinghushan  Biosphere  Reserve
ʢDHSBRʣͱ Heishiding Nature ReserveʢHSDʣͰ͋ΔʢFigure 1-9ʣɻ DHSBRʢ112°
 10’ 
E and 23°
 10’ Nʣ͸ ޿ ౦ ল ͷ த ԝ ෦ ʹ Ґ ஔ ͢ Δ ɻେ ౎ ࢢ Guangzhou ʢ޿भࢢʣ ͔Β໿ 90 km
๺੢ʹɺൺֱతখ͞ͳ౎ࢢ Zhaoqingʢഹ!"ɿਓޱ 33 ສਓʣ͔Β໿ 20 km ๺౦ʹҐஔ
͍ͯ͠Δɻؾީ͸قઅతͰ͋Γɺ೥ؒӍྔ͸ 1927  mmɺͦͷ͏ͪ໿ 75%͕ 3 ݄͔Β 8
݄ʢwet-warm seasonʣʹɺΘ͔ͣ 6%͕ 12 ݄͔Β 2 ݄ʢdry-cool seasonʣʹ߱ΔʢHuang 
and Fan, 1982ʣɻฏ ۉ ࣪ ౓ ͸ 80%ɺฏ ۉ ؾ Թ ͸ 21.0°Cɺ݄ ฏ ۉ ؾ Թ ͸ ɺ12.6°C  ͔Β 2 8 . 0   ° C
Ͱ͋ΔʢHuang and Fan 1982ʣɻ Ұ ํ ɺ HSDʢ112°
 00’ E and 23°
 30’ Nʣ͸ɺ޿भࢢ͔Β໿
160 km ๺੢ʹɺഹ!ࢢ͔Β໿ 70 km ๺੢ʹҐஔ͍ͯ͠Δɻ೥ؒӍྔ͸໿ 1800 mm Ͱ͋
Δɻ೥ฏۉؾԹ͸ 19.6°C Ͱ͋Γɺ݄ฏۉؾԹ͸ɺ10.6°C  ͔Β 2 8 . 0 ° CͰ͋ΔʢWang and 
Liu 1987ʣ ɻ 
 
1.6.2 ৿ྛͱ౔৕ 
 DHSBR ʹ͸ৗ྘޿༿थྛɺদྛɺদʵ޿༿थࠞ߹ྛ͕ଘࡏ͢ΔʢFigure 1-9ɺ1-10ʣɻ
޿༿थྛ͸ۃ૬ྛͰ͋Γɺۙ͘ͷࣉӃʹΑͬͯ 400 ೥Ҏ্อޢ͞Ε͖ͯͨʢWang et al. 
1982ʣɻ޿ ༿ थ ྛ ͷ ओ ཁ ͳ थ छ ͸ Castanopsis chinensisɺ Machilus chinensisɺ Schima superbaɺ  17 
Cryptocarya chinensis ͓Αͼ Syzygium rehderianum  Ͱ͋Δɻদྛͱদʵ޿༿थࠞ߹ྛ͸ͱ
΋ʹ 1930 ೥୅ͷെ࠾ͱͦͷޙͷদͷϓϥϯςʔγϣϯʹ༝དྷ͢Δɻ͔͠͠ɺͦͷޙͷ
ਓҝత֧ཚͷྺ࢙͸ҟͳ͍ͬͯΔʢWang et al. 1982ʣɻ ࠞ ߹ ྛ Ͱ ͸ ݪ ੜ ͷ ޿ ༿ थ ྛ ͷ Ҡ
ೖʹΑͬͯɺ২ੜ͕େ͖͘มԽͨ͠ʢ༏઎छ͸ Pinus  massonianaɺS.  superba ͓Αͼ C. 
chinensisʣɺ Ұ ํ Ͱ ɺ দ ྛ Ͱ ͸ 1990 ೥·Ͱਓҝత֧ཚʢओʹ௿໦૚΍Ϧλʔ૚ͷऩ֭ʣ
͕ଓ͍ͨͨΊະͩʹ P. massoniana ͕༏઎͍ͯ͠Δɻ 
 Ұํɺ HSD ʹ͸ৗ྘޿༿थྛ͕͋Γɺ थྸ 200 ೥ҎԼͩͱ༧૝͞Ε͍ͯΔ ʢChan et al. 
2002ʣ ɻओཁͳथछ͸ Castanopsis  nigrescens,  Castanopsis  kawakamii,  Cyclobalanopsis 
chungii, Ixonanthes chinensis, Castanopsis carlesii, P. massoniana, Castanopsis fabri, Altingia 
chinensis, Artocarpus styracifolius,  ͓Αͼ Xanthophyllum hainanense Ͱ͋Δɻ 
 ౔৕͸ͱ΋ʹϥςϥΠτੑ੺৭౔ɺ౔৕۠෼͸ UltisolsʢUSDA soil taxonomyʣ·ͨ͸
AcrisolsʢFAO soil classificationʣͰ͋ΔɻDHSBR ͸  ࠭ؠ͕฼ࡐʹͳ͓ͬͯΓɺHSD ͸
Ֆቋؠ͕฼ࡐʹͳ͍ͬͯΔʢFang et al. 2010ʣɻ  
 
1.6.3 ௕ظʹΘͨΔ౔৕ͷࢎੑԽ 
 DHSBR Ͱ͸ɺ௕ظؒʹΘͨͬͯ NOx ΍ེԫࢎԽ෺ʢSOxʣͳͲͷࢎੑࢎԽ෺ͷ௜ண
Λड͚͍ͯΔɻ ͦͷͨΊ೥ʑɺ ౔৕ͷࢎੑԽ͕ਐߦ͍ͯ͠Δ ʢLiu et al. 2010ʣɻFigure 1-11
ʹ DHSBR ͷ֤৿ྛʹ͓͚Δɺ1980 ೥͔Β 2005 ೥·Ͱͷද૚ 0cm ͔Β 20cm ͷ౔৕ͷ
౔৕ pH ͷมભΛࣔ͢ɻ·ͨ౔৕ͷࢎੑԽͷ݁Ռɺ౔৕த͸ߴೱ౓ͷՄ༹ଶΞϧϛχ΢
Ϝ͕֬ೝ͞Ε͍ͯΔ ʢ޿༿थྛɺ দྛɺ ࠞ߹ྛʹ͓͍ͯͦΕͧΕɺ 423ɺ 337ɺ 312 mg-Al3
+ 
kg-soil
–1ɺLiu et al. 2010ʣɻ  
 
1.6.4 ஠ૉಈଶ 
 DHSBR ͱ HSD Ͱ͸େؾ͔Βͷ஠ૉ௜ணྔ͕େ͖͘ҟͳΔɻTable  1-1 ʹ DHSBR ͱ
HSD ͷ߱Ӎ༝དྷͷ஠ૉ௜ணྔΛࣔ͢ʢFang et al. 2010ʣɻ DHSBR ͸ੈքతʹݟͯ΋ɺஶ  18 
͍͠஠ૉෛՙΛड͚͍ͯΔɻHSD ͸஠ૉෛՙ͕ੈքతʹݟͯগͳ͍Θ͚Ͱ͸ͳ͍͕ɺ
DHSBR ʹൺ΂ͯ௿͘ɺதࠃೆ෦ͷ৿ྛͷதͰ΋௿͍ͨΊʢFang et al. 2010ʣɺ ຊ ݚ ڀ Ͱ
͸஠ૉෛՙͷӨڹධՁͷͨΊͷࢀরαΠτͱͯ͠Ճ͑ͨɻ ଓ͍ͯɺ DHSBR ͱ HSD ͷ޿
༿थྛ಺ΛྲྀΕΔܢྲྀਫͷ pH ͱ NO3
–ೱ౓Λ Table 1-1 ʹࣔ͢ɻ DHSBR ͷ޿༿थྛ಺ͷ
ܢྲྀਫ͸ɺ HSD ͷ޿༿थྛ಺ͷܢྲྀਫʹൺ΂ͯஶ͘͠ࢎੑԽ͓ͯ͠Γɺ ߴ͍ೱ౓ͷ NO3
–
͕֬ೝ͞Ε͍ͯΔɻ·ͨ DHSBR ͷ޿༿थྛ಺ͷܢྲྀਫɺ౔৕ɺ߱Ӎʹؚ·ΕΔ NO3
–
ͷ஠ૉͱࢎૉͷࣗવ҆ఆಉҐମൺʢЎ
NɺЎ
0ʣΛ 3 ೥ؒʹΘͨͬͯղੳͨ݁͠Ռɺ
ܢྲྀਫதʹؚ·ΕΔ NO3
–ͷ΄ͱΜͲ͸ɺ ߱Ӎதʹؚ·ΕΔ NO3
–ʹ༝དྷ͢ΔͷͰ͸ͳ͘ɺ
౔৕தͰ঳ԽʹΑͬͯੜ੒ͨ͠ NO3
–ʹ༝དྷ͢Δ͜ͱ͕ڧࣔࠦ͘͞Ε͍ͯΔʢFigure 
1-12ʣʢ Fang et al. in reviewʣɻ  
 DHSBR ͷதͰ΋২ੜ͓Αͼ৿ྛͷ೥ྸʢྛྸʣʹΑͬͯɺ஠ૉͷอ࣋ೳ͕ҟͳΔࣄ
͕໌Β͔ʹͳ͍ͬͯΔɻTable 1-2 ʹ DHSBR ͷ޿༿थྛɺদྛɺࠞ߹ྛͷද૚ 0cm ͔Β
20cm ͷ౔৕ʹ͓͚Δ஠ૉͷྲྀೖྔɺྲྀग़ྔ͓Αͼอ࣋ྔΛࣔ͢ʢFang et al. 2009ʣɻ ֤
৿ྛʹ͸ಉఔ౓ͷ஠ૉྔ͕ྲྀೖ͍ͯ͠Δɻྲྀೖ͢Δ஠ૉܗଶ͸ Table  1-1 ʹࣔͨ͠௨Γ
Ͱ͋Δ͕ɺਫͷҠಈʹ൐ͬͯྲྀग़͢Δ஠ૉܗଶ͸΄ͱΜͲ͕ NO3
–Ͱ͋ΔʢFang  et  al. 
2009ʣɻ ۃ ૬ ྛ ʢ ੒ ख़ ྛ ʣ Ͱ ͋ Δ ޿ ༿ थ ྛ Ͱ ͸ ྲྀ ೖ ͢ Δ Ҏ ্ ʹ ྲྀ ग़ ͍ͯ͠Δɻ͜ͷ͜ͱ
͔Βɺ৿ྛ͕஠ૉͷιʔεʹͳ͓ͬͯΓɺ஠ૉ๞࿨ϞσϧʢAber et al., 1998ʣͷ࠷ऴஈ
֊ʢεςʔδ 3ʣʹ͋Δͱߟ͑ΒΕ͍ͯΔɻҰํɺए͍ભҠաఔʹ͋Δদྛ͓Αͼࠞ߹
ྛ͔Βͷ஠ૉͷ༹୤ྔ͸গͳ͘ɺ౔৕தʹอ࣋͞ΕΔͨΊɺ͜ΕΒͷ৿ྛ͸ΑΓલஈ֊
ͷεςʔδʹ͋Δͱߟ͑ΒΕΔʢFang et al. 2009ʣɻ  
 ·ͨ͜ͷΑ͏ͳ৿ྛؒͷ஠ૉอ࣋ೳͷҧ͍ɺ ஠ૉ๞࿨ఔ౓ͷҧ͍͸ྛྸͷ؍఺͔Β΋
આ໌͞Ε͍ͯΔʢFang et al. 2009ʣɻ Ұ ൠ త ʹ ɺ ৿ ྛ ͕ ੒ ௕ ͢ Δ ʹ ͭ Ε ͯ ২ ෺ ΍ ౔ ৕ த ʹ
஠ૉ͕஝ੵ͞Ε͍ͯ͘ʢVitousek and Reiners 1975: Pregitze and Euskirchen 2004: Davidson 
et  al.  2007ʣɻ ͦ ͷ ݁ Ռ ɺ ੒ ख़ྛͰ͸஠ૉͷϓʔϧαΠζ΍஠ૉ॥؀଎౓͕େ͖͘ͳΓɺ
஠ૉͷՄڅੑ͕ߴ͘ͳΔɻ͢ͳΘͪେؾ͔Βͷ஠ૉྲྀೖྔͷ૿େʹؔΘΒͣɺ஠ૉ๞࿨  19 
ʹ͍ۙੜଶܥʹͳ͍ͬͯ͘ͱߟ͑ΒΕ͍ͯΔɻ ʢFigure 1-5; Successionʣɻ DHSBR ʹ͓͍
ͯ޿༿थྛ͸ 400 ೥Ҏ্อޢ͞Εͨۃ૬ྛʢ੒ख़ྛʣͰ͋Γɺ௕೥ʹΘͨͬͯ஠ૉ͕஝
ੵ͞Ε͖ͯͨɻͦͷҰํɺদྛ΍ࠞ߹ྛ͸ए͍৿ྛͰ͋ΓɺՃ͑ͯ௿໦૚΍Ϧλʔ͕ऩ
֭͞Ε͖ͯͨɻͦͷ݁Ռɺ޿༿थྛͱদྛΛൺֱ͢Δͱɺ޿༿थྛͷํ͕஠ૉͷϓʔϧ
αΠζ΍஠ૉ॥؀଎౓ʢϦλʔੜ੒ɺ෼ղ଎౓ʢMo et al., 2006ʣʣ ͕ େ ͖ ͍ ͜ ͱ ͕ ใ ࠂ
͞Ε͍ͯΔʢTable  1-3ʣɻ ͜ ͷ Α ͏ ͳ ཧ ༝ ͔ Β ɺ େ ؾ ͔ Β ͷ ஠ ૉ ෛ ՙ ʹ ؔ Θ Β ͣ ޿ ༿ थ
ྛ͸দྛ΍ࠞ߹ྛʹൺ΂ͯɺΑΓ஠ૉ๞࿨ঢ়ଶʹ͋Δͱਪ࡯͞Ε͍ͯΔʢFang  et  al. 
2006ʣɻ  
 
 
1.6.5 ஠ૉఴՃࢼݧ۠ 
 ஠ૉෛՙͷ૿େ͕৿ྛੜଶܥʹٴ΅͢ӨڹΛධՁ͢ΔͨΊʹɺDHSBR ͷ֤৿ྛͷத
ʹࢼݧ͕۠ઃஔ͞Εɺ2003 ೥͔Βਓҝతͳ஠ૉఴՃ࣮ݧ͕ߦΘΕ͍ͯΔɻ֤৿ྛ಺ʹ
10 mº20 m  ͷ஠ૉఴՃ͓۠Αͼ஠ૉແఴՃ۠ʢίϯτϩʔϧ۠ʣ͕ 3 ϓϩοτͣͭ͋
Δɻϓϩοτؒ͸ 10m  Ҏ্཭Ε͍ͯΔɻ஠ૉఴՃ۠Ͱ͸ɺ100 kg-N/ha/yr ͷ঳ࢎΞϯϞ
χ΢ϜʢNH4NO3ʣ͕ 2003 ೥ 7 ݄͔Βຖ݄౳ྔఴՃ͞Ε͍ͯΔɻఴՃ͢Δ஠ૉ͸ 20  L
ͷਫʹ༹ղ͠ɺྛচʹࢃ͔Ε͍ͯΔɻ·ͨίϯτϩʔϧ۠ʹ͸౳ྔͷਫ͕ࢃ͔Ε͍ͯΔ
ʢFang et al. 2006)ɻ஠ૉఴՃ۠ʹ͓͚Δ஠ૉఴՃͷ༷ࢠΛ Figure 1-13 ʹࣔ͢ɻ 
 
1.6.6 ౔৕࠾औ 
ຊݚڀͰ͸ 3 ճͷ౔৕࠾औΛߦͬͨɻ3 ճͷ࠾औͷ࣌ظɺ࠾औ৔ॴɺ౔৕αϯϓϧͷॲ
ཧʹ͍ͭͯҎԼʢ1ʣ͔Βʢ3ʣʹࣔ͢ɻ 
ʢ1ʣ2008 ೥ɺ9 ݄ʹ DHSBR ͷ޿༿थྛʢίϯτϩʔϧ۠ʣ ɺদྛʢίϯτϩʔϧ۠ʣ ɺ
ࠞ߹ྛʢίϯτϩʔϧ۠ʣͰ࠾औͨ͠ɻ౔৕͸֤৿ྛ಺ͷ 6 ஍఺͔ΒͦΕͧΕ 500
άϥϜఔ౓Λ࠾औͨ͠ɻͦΕΒͷ౔৕Λݸʑʹ 2 mm ͷ;Δ͍ʹ௨ͨ͠ɻ1 ͭͷϓ  20 
ϩοτ͔Β 6 ͭͷ౔৕αϯϓϧΛಘͨɻ 
ʢ2ʣ2009 ೥ɺ8 ݄ʹ DHSBR ͷ޿༿थྛʢίϯτϩʔϧ۠ɺ஠ૉఴՃ۠ʣ ɺদྛʢίϯ
τϩʔϧ۠ɺ஠ૉఴՃ۠ʣ ɺHSD ͷ޿༿थྛͰ࠾औͨ͠ɻ౔৕͸֤ϓϩοτ಺ͷ 12
஍఺͔ΒͦΕͧΕ 200 άϥϜఔ౓Λ࠾औͨ͠ɻͦΕΒͷ౔৕Λݸʑʹ 2 mm ͷ;Δ
͍ʹ௨ͨ͠ɻ ͦͷޙɺ ಉҰϓϩοτ͔Β࠾औͨ͠౔৕͸Ұͭʹࠞ߹ͨ͠ɻ ͢ͳΘͪɺ
1 ͭͷϓϩοτ͔Β 1 ͭͷࠞ߹౔৕αϯϓϧΛಘͨɻ 
ʢ3ʣ2009 ೥ɺ10 ݄ʹ DHSBR ͷ޿༿थྛʢίϯτϩʔϧ۠ʣͰ࠾औͨ͠ɻ౔৕͸ϓϩ
οτ಺4஍఺͔ΒͦΕͧΕ500άϥϜఔ౓Λ࠾औͨ͠ɻ ͦΕΒͷ౔৕Λݸʑʹ2 mm
ͷ;Δ͍ʹ௨ͨ͠ɻͦͷޙɺͦΕΒͷ౔৕͸Ұͭʹࠞ߹ͨ͠ɻ 
 
1.7 ຊ࿦จͷ಺༰ 
 ຊ࿦จͷߏ੒ʹ͍ͭͯɺ֤ষͰߦͬͨ͜ͱΛ໛ࣜతʹਤࣔͨ͠΋ͷΛ Figure  1-14 ʹ
ࣔ͢ɻຊ࿦จ͸ɺ·ͣɺୈ 2 ষͱୈ 3 ষʹ͓͍ͯɺ஠ૉ҆ఆಉҐମʢ
15NʣΛ༻͍ͨ৿
ྛ౔৕தͷ஠ૉϑϩʔ଎౓ͷ؆ศͳղੳ๏ͷཱ֬Λߦͬͨɻ۩ମతʹ͸ɺୈ 2 ষʹ͓͍
ͯɺ ஠ૉ҆ఆಉҐମൺ ʢ
15N/
14Nʣ ଌఆʹ༻͍ΔΨεΫϩϚτάϥϑ࣭ྔ෼ੳܭ ʢGC/MSʣ
ͷվྑΛߦ͍ɺୈ 3 ষʹ͓͍ͯɺ౔৕தͷ஠ૉԽ߹෺ͷ
15N/
14N Λ؆ศʹଌఆ͢ΔͨΊ
ͷ෼ੳख๏ͷཱ֬Λߦͬͨɻୈ 4 ষ͔Βୈ 6 ষͰ͸ɺ্ड़ʢηΫγϣϯ 1.6.6ʣͷௐࠪ
஍͔Β࠾औͨ͠౔৕Λ༻͍֤ͯछղੳΛߦͬͨɻ۩ମతʹ͸ɺୈ 4 ষʹ͓͍ͯ DHSBR
ͷ޿༿थྛɺ দྛɺ ࠞ߹ྛʹ͓͚Δ౔৕தͷ஠ૉϑϩʔͷղੳΛɺ ·ͨୈ 5 ষʹ͓͍ͯɺ
DHSBR ͷ޿༿थྛɺ দྛ͓Αͼ HSD ͷ޿༿थྛʹ͓͍ͯɺ ౔৕தͷ஠ૉϑϩʔͱͱ΋
ʹɺ஠ૉྲྀೖྔͷ૿େʹͱ΋ͳ͏஠ૉϑϩʔͷมԽΛɺͦΕͧΕղੳͨ͠ɻୈ 6 ষʹ͓
͍ͯ͸ɺ঳Խඍੜ෺܈ूͷղੳΛߦ͍ɺୈ 4ɺ5 ষͷ஠ૉϑϩʔ଎౓ͷ݁ՌͱซͤΔ͜
ͱͰɺ঳ԽΛ୲͍ͬͯΔඍੜ෺܈ूͷಛఆΛࢼΈͨɻୈ 7 ষʹ͓͍ͯɺຊݚڀͷ݁Ռ͔
Β૯߹ߟ࡯Λߦͬͨɻ 
 Figure 1-1. Global trends of reactive N production from 1860 to 2000 (Elisman et 
al. 2008). “Haber-Bosch” represents N creation through the Haber-Bosch process, 
including production of ammonia for nonfertilizer purposes. “Biological” represents 
N creation from cultivation of legumes, rice, and sugarcane. “Fossil fuel” 
represents N created from fossil fuel combustion. “Total” represents the sum 
created by these three processes. 
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175 Figure 1-2. Rapid transport and transformation of nitrogen from industrial and agricultural 
activities to natural terrestrial and aquatic systems. Biomass burning, fossil-fuel combustion, 
and  soil  microbial  activity  are  the  primary  sources  of  NOx  emissions,  while  agricultural 
activities,  including  fertilized  agriculture  and  livestock,  are  the  primary  sources  of  NH3 
emissions  to  the  atmosphere.  Closed,  circular  black  arrows  represent  soil  and  aquatic 
nitrogen  transformations,  including  N  mineralization,  immobilization,  nitriﬁcation,  and 
denitriﬁcation (Matson et al. 2002). 
Figure 1-3. Global distribution of total N. (a) Year 2000 deposition ﬁeld (denoted as S1). 
(b) Year 2030 deposition ﬁeld using a current emissions legislation scenario. (c) Year 
2030 deposition ﬁeld using the SRES A2 emissions scenario of ICPP. Reay et al. (2008). 

(a)
(b)
(c)Figure 1-4. A simpliﬁed model of nitrogen (N) cycling and loss of available N. Ammonium (NH4
+) 
and nitrate (NO3
−) are the main N species available to soil microbes and plants. Dissolved organic 
N (DON) was recently suggested as available N especially in N-limiting environments (Neff et al. 
2003; Schimel and Bennet 2004). Ammonia oxidation is often the rate-limiting step in nitriﬁcation 
(3-4),  and  thus,  NO2
−  rarely  accumulates  in  most  soil  environments  (Kowalchuck  and  Stephen 
2001).  (1-2)  mireralization;  (3)  autotrophic  ammonia  oxidation;  (4)  nitrite  oxidation;  (5)  nitrate 
leaching; (6) heterotrophic nitriﬁcation; (7) denitriﬁcation. 
(1) 
NO, N2O, N2
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Figure 1-5. Changes in several ecosystem functions with increasing N availability or 
degree of N saturation (modiﬁed from Aber et al.1998). Abbreviations: C, carbon; N, 
nitrogen; N2O, nitrous oxide; NPP, net primary productivity (Galloway et al. 2003). 
NH3
 + O2 + 2H+ + 2e– NH2OH + H2O 
Ammonia 
monooxygenase 
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Ammonia oxidizer 
NH2OH + H2O HNO2 + 4H+ + 4e– 
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Ammonia oxidizer 
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Figure 1-6. Aerobic ammonia oxidation reactions catalyzed by Amo and Hao 
enzymes of AOB, and nitrite oxidation reactions catalyzed by Nxr enzymes of 
NOB.  In  AOB,  ammonia  is  oxidized  to  nitrite  via  the  intermediate, 
hydroxylamine. No HAO homologue has yet been identiﬁed in archaea, and 
oxidation of ammonia to nitrite may occur via a different biochemical pathway. 
Figure 1-7. 16S rRNA-based Maximum Likelihood trees displaying the phylogenetic affiliation of nitrifying 
microorganisms.  Nitrite-oxidizing  bacteria  (NOB)  are  highlighted  in  red,  ammonia-oxidizing  bacteria 
(AOB) and archaea (AOA) are highlighted in blue and green, respectively. The tree in Fig. 4/A gives a 
general overview of the distribution of nitrifiers in the “tree of life”, whereas the tree in Fig. 4/B illustrates 
a close-up view of Fig.4/A representing all currently known nitrifying bacterial and archaeal genera and 
species. The  partially  filled  circles  at  the  tree  nodes  in  Fig.  4/B  represent  quartet  puzzling  reliability 
values ! 70 %and filled circles symbolize additional high parsimony bootstrap support (! 90 %) based on 
100 iterations. The bar indicates 10 % estimated sequence divergence.
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Figure 1-8. Factors affecting nitrogen (N) cycling and loss in forest ecosystems. 
N  cycling  and  loss  are  largely  controlled  by  characteristics  of  microbial 
communities such as population sizes, community compositions and activities 
(B) as well as other factors such as soil physiochemical properties, forest type, 
and  N  depositions  (A).  These  environmental  factors  also  control  the 
characteristics of microbial communities (B). 
޿भࢢ 
Figure 1-9. Location of the two study sites, Dinghushan Biosphere Reserve (DHSBR) and Heishiding 
Nature Researve (HSD) in Guandong province, southern China. DHSBR includes  broadleaf, pine and 
broadleaf-pine mixed forests, and HSD include a broadleaf forest. 
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HSD  - Broadleaf 
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Figure 1-10. Pictures of interiors of (A) broadleaf, (B) pine and (C) 
broadleaf-pine mixed forests at DHSBR. 
(A) 
(B) 
(C) 
Figure 1-11. Change of pH of 0-20 cm soils in (A) broadleaf  
(B) pine (C) mixed forests at DHSBR (Liu et al., 2010). 
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Figure 1-12. Dual nitrate (NO3
-) isotopic source plot based on δ15N and δ18O of 
NO3
-  in  braodleaf  forest  at  DHSBR.  According  to  δ18O  value  of  NO3
-  in 
precipitation,  soil  and  stream  water,  large  part  of  NO3
- in  stream  could  be 
derived from nitriﬁed NO3
- in soil (Fang et al. in review).  

NO3
- 
NO3
- 
NO3
- 
NO3
- 
NH4
+ 
NH4
+ 
NH4
+ Table1-2ɹTotal leaching loss and retention of N (kg-N/ha/yr) of precipitation inputs in the broadleaf, 
pine, and mixed forests at DHSBR 
2004  2005 
broadleaf  pine  mixed  broadleaf  pine  mixed 
N precipitation  34  34  34  32  32  32 
total N leaching losses  42  15  14  48  20  14 
Ecosystem N retention   -8  19  20  -16  12  18 
Fang et al. (2008) 
Table1-1ɹN Concentration of DIN in precipitation, and NO3
– concentration and pH in 
stream water drained from broadleaf forests at DHSBR and HSD 
Site 
Precipitation ʢLH/IBZSʣɹ  Stream 
NH4
+  NO3
–  DIN  NO3
–ɹ(mg-N/l)  pH 
DHSBR  20.8 (0.8)  13.3 (0.6)  34.1 (1.3)  4.3 (0.8)  4.1 (0.1) 
HSD  10.0 (0.4)  8.1 (0.4)  18.1 (0.5)  0.8 (0.1)  7.2 (0.1) 
Fang et al. (2010) 
Table 1-3 Total N in vegetation and 0-20 cm soil  (kg-N/ha), and 
litter N production  (kg-N/ha/yr) in the broadleaf, pine, and mixed 
forests at DHSBR. 
broadleaf  pine  mixed 
Total N in vegetation  1546  307  - 
Total N in 0-20 cm soil  1862  1276  1220 
Litter N production  128  16  - 
Fang et al. (2009) 
Figure  1-13.  Picture  of  N  amendments.  100kg-N/ha/yr  of 
NH4NO3  have  been  sprayed  every  month  since  2003  to  the 
forest ﬂoors in N-addition plots in broadleaf and pine forests at 
DHSBR. 

Figure  1-14.  Contents  of  each  chapter  in  this  thesis.  In  chap.  2,  methodological 
developments are carried out for determining various kinds of gaseous metabolites of 
microorganisms  by  using  a  GC/MS.  In  chap.  3,  methodological  developments  are 
carried out using the modiﬁed GC/MS for analyses of 15N of ammonium, nitrate, nitrite 
and total dissolved N in soil extracts. In chap. 4, Characteristics of soil N ﬂow rates 
and  N-saturation  status  among  broadleaf,  pine  and  mixed  forests  at  DHSBR  are 
discussed. In chap. 5, Change of soil N ﬂows in broadleaf and pine forest at DHSBR 
due to N amendments are discussed . Soil N ﬂows in broadleaf forest at HSD are also 
discussed. In chap. 6, abundances, community compositions and activities of nitrifying  
communities and their ecological functions in soils at DHSBR and HSD are discussed.   36 
ୈ 2 ষ GC/MS Λ༻͍ͨඍੜ෺ͷ୅ँΨεͷಉ࣌ఆྔ๏ͷཱ֬ 
 
2.1 ॹݴ 
 ͜ͷষͰهड़͢Δݚڀʹ͓͍ͯɺ঎༻ͷΨεΫϩϚτάϥϑ࣭ྔ෼ੳ૷ஔʢgas 
chromatograph mass spectrometry: GC/MSʣΛվྑ͢Δͱͱ΋ʹɺଌఆ৚݅Λ࠷దԽ͢Δ
͜ͱʹΑͬͯɺඍੜ෺ͷ୅ँʹؔΘΔ༷ʑͳΨεछΛಉ࣌ʹɺ؆ศ͔ͭਝ଎ʹଌఆ͢Δ
ํ๏ͷཱ֬ʹ੒ޭͨ͠ɻୈ 3 ষҎ߱ͰݤͱͳΔ஠ૉϑϩʔͷ଎౓ͷଌఆ͸ɺ͜ͷষͰ֬
ཱͨ͠ํ๏Λ༻͍ͯߦͬͨ΋ͷͰ͋Δɻ 
 
 ඍੜ෺ͷ୅ँϓϩηεʹ͓͍༷ͯʑͳΨεԽ߹෺ʢྫ͑͹ H2ɺN2ɺO2ɺCOɺNOɺ
CH4ɺCO2ɺN2Oʣ͕ੜ੒͞Εɺফඅ͞ΕΔʢHughes 1985; Conrad 1996ʣɻ౔৕ͷΑ͏
ͳ؀ڥʹ͓͍ͯ΋ɺඍੜ෺׆ಈͷ݁ՌɺͦΕΒͷΨε͕์ग़͞Εɺٵऩ͞ΕΔɻඍੜ෺
ͷ୅ँϓϩηεͷதͰݟΒΕΔΨεͷੜ੒ͱফඅ͸૬ޓʹؔ࿈͠߹͍ͬͯΔͨΊ ʢྫ͑
͹ࢎૉݺٵͷաఔͰ O2Λফඅ͠ɺCO2Λੜ੒͢Δʣɺ༷ʑͳΨεछΛಉ࣌ʹଌఆ͢Δ
ͨΊͷํ๏ͷ։ൃ͸ɺඍੜ෺ͷੜཧ΍ੜଶΛ໌Β͔ʹ͢ΔͨΊʹ͸ඇৗʹ༗༻Ͱ͋Δɻ  
 ͜Ε·Ͱɺ͜ΕΒͷΨεछ͸ɺओʹ͍͔ͭ͘ͷݕग़ث΍͍͔ͭ͘ͷ෼཭ΧϥϜΛͦΕ
ͧΕ૊Έ߹ΘͤͨΨεΫϩϚτάϥϑ ʢGCʣ γεςϜʹΑͬͯଌఆ͞Ε͖ͯͨ ʢreviewed 
by Crill et al. 1995ʣɻྫ͑͹ɺH2ɺN2ɺO2ɺCO2͸جຊతʹ೤఻ಋ౓ݕग़ثʢthermal 
conductivity detector: TCDʣΛ༻͍ͯɺN2O ͸ిࢠั֫ܕݕग़ثʢelectron capture detector: 
ECDʣΛ༻͍ͯɺCO ΍ CH4͸ਫૉԌΠΦϯԽݕग़ثʢflame ionization detector: FIDʣΛ
༻͍ͯݕग़͞Ε͖ͯͨɻͦͷͨΊ͜ΕΒͷΨεछΛҰ౓ʹଌఆ͢ΔͨΊʹ͸ɺ͍ͭ͘΋
ͷ GC ͕ඞཁͱͳΔɻͦ͜Ͱɺ୯Ұͷ૷ஔΛ༻͍ͯɺ͜ΕΒͷඍੜ෺ͷ୅ँʹؔΘΔΨ
εΛଌఆ͢Δख๏͕։ൃ͞Ε͖ͯͨɻྫ͑͹ɺ༷ʑͳ෼཭ΧϥϜ΍ݕग़ثΛඋ͑ɺྲྀ࿏
ΛόϧϒͰ੾Γସ͑Δ GC γεςϜͳͲͰ͋ΔʢHedley et al. 2006; Sitaula et al. 1992;   37 
Wang and Wang 2003; Yoh et al. 1998ʣɻ͔͠͠ɺ͜ΕΒͷ GC γεςϜ͸ଟ͘ͷߏ੒ύ
ʔπΛඞཁͱ͠ɺ·ͨΨεͷྲྀ࿏Λద੾ʹ੾Γ׵͑ΔͨΊͷߴ͍ٕज़͕ཁٻ͞ΕΔɻ 
 ҰํɺGC/MS ͸Ξϛϊࢎɺ౶ɺ༗ػࢎͳͲͷඍੜ෺ͷ୅ँ෺࣭ͷಉఆʹ޿͘༻͍Β
Ε͍ͯΔʢKoek et al. 2006; Strelkov et al. 2004; Tian et al. 2009ʣ͕ɺಉ࣌ʹ͍͔ͭ͘ͷඍ
ੜ෺ͷ୅ँΨεͷݕग़ʹ΋༻͍ΒΕ͖ͯͨʢAmano et al. 2008, 2011; Bazylinski et al. 
1986; DeRito et al. 2005; Garber and Hollocher 1982; Goretski and Hollocher 1990; Liou et al. 
2008; Liu et al. 2006; Shoun and Tanimoto 1991; Waki et al. 2010ʣɻ͞Βʹۙ೥ͷ GC/MS
ٕज़ͷల։ɺಛʹݕग़ײ౓ͷ্ঢʹΑͬͯɺCH4ɺCO2ɺN2O ͳͲͷ؀ڥதͷ௿ೱ౓Ψ
εͷଌఆʹ΋ར༻͢Δͷ͕ՄೳʹͳΓͭͭ͋Δ ʢEkeberg et al. 1994ʣɻ͜ ͷ Α ͏ ʹ GC/MS
ʹ͸େ͖ͳར༻Մೳੑ͕͋ΔҰํͰɺ͜Ε·Ͱͷ GC/MS γεςϜ͸ɺඍੜ෺ͷ୅ँʹ
ؔΘΔෳ਺ͷΨεछΛҰ౓ʹଌఆ͢Δ͜ͱɺ ·ͨͦΕΒͷΨεΛਝ଎ʹ͔ͭ෯޿͍μΠ
φϛοΫϨϯδͰଌఆ͢Δ͜ͱΛ໨తʹઃܭ͞Ε͍ͯͳ͍ɻ ඍੜ෺ͷഓཆαϯϓϧ΍؀
ڥαϯϓϧͰ͸ɺඍੜ෺ͷݸମ܈΍܈ूʹΑͬͯɺ༷ʑͳΨεछ͕༷ʑͳೱ౓Ͱੜ੒͞
Εɺ·ͨಉ࣌ʹফඅ͞ΕΔɻͦͷͨΊɺෳ਺ͷΨεछΛҰ౓ʹɺਝ଎ʹɺ෯޿͍μΠφ
ϛοΫϨϯδͰଌఆͰ͖ΔΑ͏ͳ GC/MS γεςϜΛઃܭɾվྑ͢Δ͜ͱͷॏཁੑ͸໌
Β͔Ͱ͋Δɻ·ͨ N2  ΍ O2͸ඍੜ෺୅ँͷओཁͳج࣭ɾੜ੒ΨεͰ͋Δɻ͔͠͠ɺα
ϯϓϧதʹ௿ೱ౓ʢྫ͑͹ 100 ppm ఔ౓ʣͰ͔͠ଘࡏ͍ͯ͠ͳ͍৔߹ɺ͜ΕΒͷΨεΛ
ਫ਼֬ʹɺ࠶ݱੑྑ͘ଌఆ͢Δͷ͸͜Ε·Ͱࠔ೉Ͱ͋ͬͨɻͦͷओͳཧ༝͸ɺN2  ΍ O2
͸େؾͷओ੒෼Ͱ͋ΔͨΊʹɺΨεαϯϓϧΛಋೖޱ͔Βಋೖ͢Δࡍʹɺେؾ͔Β͜Ε
ΒͷΨε͕ࠞೖͯ͠͠·͏͜ͱʹΑΔɻ͕ͨͬͯ͠ɺαϯϓϧಋೖͷؒͷେؾͷࠞೖΛ
๷͙͜ͱ͕ɺ্هͷ໨తΛୡ੒͢ΔͨΊʹ͸ݤͱͳΔɻ 
 Ҏ্ͷࣄฑΛഎܠʹͯ͠ɺ͜ͷষͰهड़͞ΕΔݚڀʹ͓͍ͯ͸ɺඍੜ෺ͷ୅ँʹؔΘ
Δෳ਺ͷΨεछΛҰ౓ʹɺਝ଎ʹɺ෯޿͍μΠφϛοΫϨϯδͰଌఆͰ͖ΔΑ͏ͳ
GC/MS γεςϜΛઃܭ͢Δ͜ͱΛ໨తʹɺҎԼͷ 3 ఺Λ࣮ࢪͨ͠ɻ   38 
ʢ1ʣα ϯ ϓ ϧ ஫ ೖ ࣌ ͷ େ ؾ ͷ ࠞ ೖ Λ ܰ ݮ ͢ Δ ͨ Ί ɺ࢛ ॏ ۃ ܕ ͷ GC/MS ͷಋೖޱΛվྑ
ͨ͠ɻ 
ʢ2ʣ GC/MSͷଌఆ৚݅Λ࠷దԽ͠ɺ ඍੜ෺ͷ୅ँʹؔΘΔ༷ʑͳΨεछΛppm ʢ10
–6 vol. 
vol.
–1ʣϨϕϧ͔Β%ʢ10
–2 vol. vol.
–1ʣϨϕϧ·Ͱɺਝ଎ʹ͔ͭಉ࣌ʹఆྔ͢Δ͜ͱΛࢼ
Έͨɻͦͷײ౓ͱμΠφϛοΫϨϯδΛࢉग़ͨ͠ɻ 
ʢ3ʣ্هʹΑΓཱ֬ͨ͠෼ੳख๏Λɺୈ 3 ষҎ߱ʹ༻͍Δ୤஠ࡉە Pseudomonas 
chlororaphis subsp. aureofaciens ATCC 13985
TΛ༻͍ͨϞσϧ࣮ݧʹద༻͠ɺͦͷ༗༻ੑ
ʹ͍ͭͯݕূͨ͠ɻ 
 
2.2 ํ๏ 
2.2.1 ૷ஔͱଌఆ৚݅ 
 Figure 2-1 ʹຊݚڀͰ༻͍࢛ͨॏۃܕ GC/MS γεςϜ ʢGCMS-QP2010 Plus, Shimadzu, 
Kyoto, Japanʣͷུ֓ਤΛࣔ͢ɻ෼཭ΧϥϜʹ͸ CP-PoraPLOT Q-HT columnʢ25 m ! 0.32 
mmʣʢ Varian, Inc., CA, USAʣΛ ༻ ͍ ͨ ɻ঎ ༻ ͷ GC/MS ͸ɺ ௨ৗηϓλϜಋೖޱ ʢFigure 
2-1ɺseptum injection portʣ͔ΒΨελΠτγϦϯδΛ༻͍ͯΨεαϯϓϧΛಋೖ͢Δɻ
͔͠͠ɺΨεαϯϓϧΛಋೖ͢Δࡍͷେؾͷࠞೖ͕ෆՄආͰ͋ͬͨɻͦͷͨΊɺ෼ੳ࣌
ͷେؾ͔ΒͷࠞೖΛܰݮ͢ΔͨΊɺΨεαϯϓϧͷಋೖ๏ͷվྑΛߦͬͨɻ 
 Ψεαϯϓϧಋೖ͸ɺ ಋೖྔΛਫ਼֬ʹ͢ΔͨΊʹαϯϓϧϧʔϓΛ෇͚ͨόϧϒΛ௨
ͯ͠ߦͬͨɻΨεαϯϓϧΛಋೖ͢ΔࡍͷେؾࠞೖΛܰݮͤ͞ΔͨΊʹɺҎԼͷΑ͏ʹ
GC/MS γεςϜͷվྑΛߦͬͨɻ·ͣʢ1ʣΨεαϯϓϧಋೖ͔ΒɺΨεαϯϓϧ͕
GC ΧϥϜ΁ಋೖ͞ΕΔ·Ͱͷܦ࿏ͷपΓΛ͢΂ͯ He ྲྀͰඃͬͨɻ͢ͳΘͪɺΨεಋ
ೖޱʢEN2SI, ZF2SI, and SI4G, Valco Instruments Co. Inc., Houston, TXʣͱ 8 ํόϧϒ
ʢ2C8WE-PH, Valco Instruments Co. Inc.ʣΛδϟέοτͰඃ͍ɺͦ͜ʹߴ७౓ͷϔϦ΢
ϜʢHeʣΛ 40 ml min
–1Ͱྲྀͨ͠ɻಋೖޱͷࣸਅΛ Figure 2-2 ʹࣔ͢ɻ·ͨʢ2ʣαϯϓ
ϧΛಋೖ͍ͯ͠ͳ͍ؒʹ΋ɺ ಋೖޱͱΨεαϯϓϧ͕ GC ΧϥϜ΁ಋೖ͞ΕΔ·Ͱͷܦ  39 
࿏ͷதʹߴ७౓ͷ He Λৗʹྲྀͨ͠ɻʢ3ʣΨεΛ࠾औ͢ΔͨΊͷΨελΠτγϦϯδ
ͷ਑ͱγϦϯδʹ͍ͭͯ΋ɺ࠾औͷ௚લʹ He ྲྀͰચড়ͨ͠ɻ͞Βʹʢ4ʣεϓϦοτ
༻ͷΨεഉग़ޱͱηϓλϜಋೖ༻ͷύʔδΨεഉग़ޱʹ͓͍ͯɺ େؾͷٯྲྀʹΑΔࠞೖ
Λ๷͙ͨΊʹɺίΠϧঢ়ʹͨ͠εςϯϨεͷಔ؅Λʢ50 cm ! 1 mm in diameterʣΛ઀ଓ
ͨ͠ʢFigure 2-1ɺinjection port purging ventɺsplit ventʣɻ 
 αϯϓϧଌఆ࣌͸ 200 "l ͷΨεαϯϓϧΛΨελΠτγϦϯδʢPS-050033, Valco 
Instruments Co. Inc.ʣͰ࠾औ͠ɺ8 ํόϧϒʹ઀ଓͨ͠ 25 ·ͨ͸ 50 "l  ͷαϯϓϧϧʔ
ϓʢAL25CW, SL50CW, Valco Instruments Co. Inc.ʣΛ௨ͯ͠ಋೖͨ͠ɻಋೖͨ͠Ψεα
ϯϓϧʹΑΓαϯϓϧϧʔϓ͕ຬͨ͞ΕͨΒɺόϧϒΛखಈͰ੾Γସ͑ͯɺΨεαϯϓ
ϧΛ GC ෼཭ΧϥϜ΁ͱಋೖͨ͠ɻ2 ͭͷαϯϓϧϧʔϓΛ઀ଓͨ͠ 8 ํόϧϒΛ༻͍
Δ͜ͱͰɺҟͳΔྔʢ25ɺ50 "lʣͷαϯϓϧΛਫ਼֬ʹಋೖ͢Δ͜ͱ͕ՄೳͰ͋Δɻ 
 GC/MS ͷଌఆ৚݅͸ɺGC ෼཭ʹ͍ͭͯΧϥϜԹ౓ɺεϓϦοτൺɺΩϟϦΞΨεྲྀ
ྔΛɺMS ݕग़ʹ͍ͭͯݕग़ثిѹΛௐ੔ͨ͠ɻ͢ͳΘͪɺ·ͣ N2O Λ 2 ෼ఔ౓Ͱݕग़
Ͱ͖ΔΑ͏ʹɺΧϥϜԹ౓Λ 50°CɺΩϟϦΞΨεྲྀྔΛ 2.0 ml min
-1ʹͨ͠ɻଓ͍ͯɺ
5ppm ఔ౓͔Β 20%ʢ= 20!10
4 ppmʣͷೱ౓Ϩϯδͷ CH4ɺCO2ɺN2O Λಉ࣌ʹଌఆͰ͖
ΔΑ͏ʹɺεϓϦοτൺΛ 30ɺݕग़ثిѹ͸ 0.8 kV ͱͨ͠ɻΩϟϦΞΨεʹ͸ߴ७౓
Heʢ>99.99995%ʣΛ༻͍ͨɻϚεεϖΫτϧ͸ߴײ౓ɺߴબ୒ੑͷͨΊʹબ୒ΠΦϯ
ݕग़ʢselected ion monitoring: SIMʣϞʔυͰଌఆͨ͠ɻͦͷଞͷΨεಋೖɺGC ෼཭ɺ
MS ݕग़ͷͨΊͷৄࡉͳ৚݅͸ Table 2-1 ʹࣔͨ͠ɻ 
 
2.2.2 ඪ४Ψεαϯϓϧͷ࡞੒ 
 GC/MS ෼ੳͷݕग़ݶքͱଌఆͷμΠφϛοΫϨϯδΛٻΊΔͨΊɺ ඪ४Ψε O2ɺ N2ɺ
H2ɺCH4ɺCO2 ʢ>99.9%; GL Sciences, Inc. Tokyo, JapanʣɺN2Oʢ>99.5%; GL Sciences, Inc.ʣ
Λ༻͍ͯɺppmʢ10
-6 vol. vol.
–1ʣ͔Β%ʢ10
-2 vol. vol.
–1ʣΦʔμʔͷرऍܥྻΛɺόοΫ
άϥ΢ϯυΨεʹߴ७౓ Heʢ>99.99995%ʣΛ༻͍ͯ࡞੒ͨ͠ɻ֤ඪ४Ψεछͷرऍܥ  40 
ྻΛ Table 2-2 ʹࣔ͢ɻ·ͨ ArɺNOɺCO ʹ͍ͭͯ΋ຊݚڀͷ GC/MS γεςϜͰݕग़
ͷՄ൱Λݕ౼ͨ͠ɻ ͦͷࡍɺ CO ͱ NO ʹ͍ͭͯ͸҆ఆಉҐମͰϥϕϧ͞Εͨ΋ͷ ʢ
13CO, 
15NO, SI Sciense Co. Ltd., Saitama, JapanʣΛ༻͍ͨɻ·ͨόοΫάϥ΢ϯυΨεͷӨڹΛ
ݕূ͢ΔͨΊɺߴ७౓ Heʢ>99.99995%ʣͱߴ७౓ N2ʢ>99.99995%ʣΛͦΕͧΕόοΫ
άϥ΢ϯυΨεͱͨ͠ O2ͷرऍܥྻΛ࡞੒ͨ͠ɻ He όοΫάϥ΢ϯυΨεʹ͍ͭͯ͸
1.25%ɺ2.46%ɺ4.82%ɺ9.35%ɺ17.2%ɺ20.7%ɺ23.9%ɺN2όοΫάϥ΢ϯυΨεʹͭ
͍ͯ͸ 1.23%ɺ2.43%ɺ4.76%ɺ9.30%ɺ21.4%ɺ25.6%ͷ O2ඪ४ΨεΛ࡞੒ͨ͠ɻ 
 ඪ४Ψεͷرऍͷߦఔ͸࣍ͷ௨ΓͰ͋Δɻʢ1ʣϒνϧΰϜખͰີดͨ͠ΨϥεόΠ
Ξϧͷ༰ੵΛɺ ਫΛॆరͨ͠όΠΞϧͱॆర͍ͯ͠ͳ͍όΠΞϧͷॏྔͷ͔ࠩΒਫ਼֬ʹ
ࢉग़ͨ͠ɻ ʢ2ʣͦ͜ʹόοΫάϥ΢ϯυΨεͰ͋Δ He ·ͨ͸ N2Λ໿ 1.5 atm ʹͳΔΑ
͏ʹΨεஔ׵૷ஔʢSanshin Industrial Co. Ltd., Kanagawa, JapanʣͰॆరͨ͠ɻʢ3ʣͦ͜
ʹඪ४ΨεΛط஌ྔɺΨελΠτγϦϯδͰ஫ೖͨ͠ɻʢ4ʣ࠷ޙʹɺόΠΞϧ಺ͷѹ
ྗΛѹྗܭ ʢNidec Copal Electronics Co., Tokyo, JapanʣͰ ଌ ఆ ͠ ɺΨ ε ೱ ౓ Λ ܭ ࢉ ͠ ͨ ɻ
όΠΞϧ಺ͷرऍΨε͸ɺόΠΞϧͷதʹελʔϥʔόʔΛೖΕɺ࢖༻લʹ 12 ࣌ؒҎ
্֧፩͢Δ͜ͱͰۉҰԽͤͨ͞ɻେؾͷࠞೖΛ๷͙ͨΊʹɺΨελΠτγϦϯδʹΑΔ
Ψεͷ࠾औ΍஫ೖɺ·ͨѹྗܭʹΑΔόΠΞϧ಺ͷѹྗͷଌఆ͸ɺ͢΂ͯ He ྲྀΛॆͯ
ͳ͕Βߦͬͨɻ 
 
2.2.3 ຊख๏ͷ༗༻ੑͷݕূɿ୤஠ࡉەͷഓཆʹ͓͚ΔΨε୅ँͷϞχλϦϯά 
 ୈ3ষҎ߱Ͱ༻͍ΔP. chlororaphis subsp. aureofaciens ATCC 13985
TΛ༻͍ͯϞσϧ࣮
ݧΛߦ͍ɺO2ɺCO2ɺN2O  ͷఆྔʹվྑ GC/MS γεςϜΛదԠ͠ɺͦͷ༗ޮੑΛݕূ
ͨ͠ɻ P. aureofaciens ATCC 13985
T͸୤஠ͷ࠷ऴੜ੒෺ͱͯ͠ N2O Λੜ੒͢Δ ʢCasciotti 
et al. 2002; Firestone et al. 1979; Matsubara and Zumft 1982; Sigman et al. 2001ʣɻ·ͣ P. 
aureofaciens ATCC 13985
TΛ 120 ml ͷϒνϧΰϜખͰີดͨ͠όΠΞϧʹೖΕͨ 80 ml
ͷӷମഓ஍ͷதͰɺ23 °C  ͰҰ൩૿৩ͤͨ͞ɻӷମഓ஍ͷ૊੒͸ Difco™ Tryptic Soy   41 
Broth (Becton Dickinson, NJ, USA)ɺ10 mM KNO3ɺ1 mM NH4Clɺ36 mM KH2PO4Ͱ͋Δɻ
ഓཆ͸ελʔϥʔόʔʹΑ֧ͬͯ፩͠ͳ͕ΒߦͬͨɻഓཆޙɺͦͷഓཆӷΛ୙౓͕ A600 
= 0.01 ͱͳΔΑ͏ʹɺ ϒνϧΰϜખͰີดͨ͠ 120 ml ͷόΠΞϧதͷ 80 ml ͷ৽઱ͳӷ
ମഓ஍ʹఴՃͨ͠ɻγϦϯδΛ༻͍ͯϔουεϖʔε͕ 1.5 atm ʹͳΔΑ͏ʹେؾΛՃ
͑ͯՃѹͨ͠ɻͦͷޙɺ͜ͷഓཆӷΛελʔϥʔόʔͰ֧፩͠ͳ͕Βɺ23 °C Ͱ 48 ࣌ؒ
ഓཆͨ͠ɻ·ͨ 4 ͓͖࣌ؒʹϔουεϖʔε͔ΒΨεΛ 200 "l ࠾औ͠ɺվྑ GC/MS ʹ
ಋೖ͠ɺ্هͷํ๏ʹΑΓ O2ɺCO2ɺN2O Λఆྔͨ͠ɻ·ͨࡉەͷ૿৩Λɺഓཆӷͷ୙
౓ʢA600ʣͷଌఆʹΑΓϞχλϦϯάͨ͠ɻ 
 
2.3 ݁Ռͱߟ࡯ 
2.3.1 9 छͷΨεͷಉ࣌ݕग़ 
 9 छͷΨεʢH2ɺN2ɺO2ɺArɺ
13COɺ
15NOɺCH4ɺCO2ɺN2Oʣ͔ΒͳΔࠞ߹ΨεΛɺ
όοΫάϥ΢ϯυΨεʹ He Λ༻͍ͯ࡞੒͠ɺGC/MS Λ༻͍ͯɺ9 छͦΕͧΕΛͦͷอ
࣋࣌ؒͱ࣭ྔిՙൺʢmass-to-charge ratios: m/zʣ͔Βಉఆͨ͠ɻݕग़ͨͦ͠ΕͧΕͷΨ
εछͷΠΦϯछͱͦͷ m/z Λ Table 2-3 ʹࣔ͢ɻ9 छࠞ߹ΨεͷϚεΫϩϚτάϥϜΛ
Figure 2-3 ͷʢaʣ͔Βʢiʣʹ H2ɺN2ɺO2ɺArɺ
13COɺ
15NOɺCH4ɺCO2ɺN2O ͷॱʹࣔ
͢ɻຊݚڀͷ GC/MS γεςϜͰɺCO ͱ NO ͷݕग़ͷՄ൱Λ໌֬ʹݕূ͢ΔͨΊɺ҆
ఆಉҐମͰϥϕϧͨ͠
13COʢm/z 29ʣͱ
15NOʢm/z 31ʣΛ༻͍ͨɻ݁Ռతʹ N2ɺCOɺ
NO ͸อ࣋࣌ؒͷҧ͍ʹΑͬͯ෼཭͞Ε͕ͨɺ౰ॳ͸
12COʢm/z 28ʣͱ
15NOʢm/z 30ʣ
͸ N2ͷ
14N-
14Nʢm/z 28ʣ΍
15N-
15Nʢm/z 30ʣͷϐʔΫͱॏͳΔՄೳੑ͕ߟ͑ΒΕͨɻ
ͦͷͨΊɺCO ͱ NO ͕ N2ͱ෼཭Ͱ͖͍ͯΔ͜ͱΛ֬ೝ͢ΔͨΊʹɺ
13COʢm/z 29ʣͱ
15NOʢm/z 31ʣΛ༻͍ͨɻ݁Ռͱͯ͠ɺFigure 2-3 ʹࣔͨ͠௨Γɺࠞ߹Ψεதͷશͯͷ
ΨεछΛอ࣋࣌ؒ΍෼ࢠΠΦϯ·ͨ͸ϑϥάϝϯτΠΦϯͷ m/z ஋ʹΑͬͯ୯ಠϐʔ
Ϋͱͯ͠ݕग़͢Δ͜ͱ͕Ͱ͖ͨɻ   42 
 ্ड़ͷಉఆʹࡍ͠ɺ͍͔ͭ͘ͷ஫ҙ఺͕͋͛ΒΕΔɻྫ͑͹ɺ਺छͷΨεʢྫ͑͹
N2ɺO2ɺCOɺNOɺCH4ʣͷอ࣋࣌ؒ͸ۙ઀͍ͯ͠ΔɻͦͷͨΊʹɺಛఆͷΨεछͷೱ
౓͕ߴ͍ͱ͖ʹ͸ɺGC ʹΑΔ෼཭ͷΈͰ͸ҟͳΔΨεछಉ࢜ͷϐʔΫ͕ॏͳΔՄೳੑ
͕͋ΔɻͦͷΑ͏ͳ৔߹ʹ͸ɺ෼ࢠΠΦϯͱͱ΋ʹ͍͔ͭ͘ͷϑϥάϝϯτΠΦϯ΋ಉ
࣌ʹϞχλϦϯά͢Δඞཁ͕͋Δɻྫ͑͹ɺCH4ͱ O2͕ GC ʹΑΔ෼཭ͷΈͰ͸ޓ͍
ͷϐʔΫ͕ॏͳ͍ͬͯΔ৔߹ɺCH4ͷ෼ࢠΠΦϯͰ͋Δ CH4
+ʢm/z 16ʣ͸ɺO2ͷϑϥά
ϝϯτΠΦϯ O
+ ʢm/z 16ʣͷ ଘ ࡏ ʹ Α ͬ ͯ ɺ୯ಠϐʔΫͱͯ͠ݕग़͢Δ͜ͱ͕Ͱ͖ͳ͍ɻ
ͦͷΑ͏ͳ৔߹ʹ͸ɺO2͔Β͸ m/z 15 ͷϑϥάϝϯτΠΦϯ͕ੜ੒͠ͳ͍͜ͱΛར༻
ͯ͠ɺCH4ͷϑϥάϝϯτΠΦϯɺCH3
+ʢm/z 15ʣ΋ಉ࣌ʹݕग़͢Δ͜ͱͰɺCH4Λಉ
ఆ͢Δ͜ͱ͕ग़དྷΔɻGC/MS ͸ୈ 3 ষͰड़΂ΔಉҐମ࣭ྔ෼ੳ૷ஔʢisotope ratio mass 
spectrometry: IRMSʣͱ͸ҟͳΓɺଟ͘ͷ m/z ஋Λಉ࣌ʹϞχλϦϯάͰ͖Δ͜ͱ͕Ͱ
͖ΔɻͦͷͨΊɺ෼ࢠΠΦϯҎ֎ʹ͍͔ͭ͘ͷϑϥάϝϯτΠΦϯ΋ϞχλϦϯά͢Δ
͜ͱͰɺਖ਼֬ͳଌఆ͕ՄೳͱͳΔɻΨεछͷ෼཭͋Δ͍͸୯ಠϐʔΫͷݕग़ͷͨΊͷͦ
ͷଞͷΦϓγϣϯͱͯ͠͸ɺΩϟϦΞΨεͷྲྀ଎ΛԼ͛Δ͜ͱͰɺGC ϐʔΫͷ෼཭ೳ
Λ্͛Δ͜ͱ͕ڍ͛ΒΕΔɻ·ͨɺඍੜ෺ͷ୅ँΨεΛϞχλϦϯά͢Δ৔߹ʹ͸ɺج
࣭ʹ҆ఆಉҐମͰϥϕϧ͞ΕͨԽ߹෺Λ༻͍Δ͜ͱͰɺੜ੒͢ΔΨεͷ෼ࢠɾϑϥάϝ
ϯτΠΦϯͷ m/z ஋ΛଞͷΨεछͱॏͳΒͳ͍Α͏ʹ͢Δ͜ͱ΋ॏཁͳΦϓγϣϯͰ
͋Δɻ 
 ຊݚڀͷ෼ੳΞϓϩʔνΛ༻͍Δ͜ͱͰɺඍੜ෺ͷ୅ँͰੜ੒ɾফඅ͞ΕΔओཁͳΨ
εΛҰ౓ʹಉఆ͢Δ͜ͱ͕ՄೳʹͳͬͨɻҰ౓ͷ෼ੳ࣌ؒ͸ 2.5 min Ͱ͋Γɺطԟݚڀ
ͷ GC γεςϜͷ෼ੳ࣌ؒͱൺֱͯ͠ಉ౳͋Δ͍͸ஶ͘͠ਝ଎Ͱ͋ΔʢHedley et al. 
2006; Sitaula et al. 1992; Wang and Wang 2003; Yoh et al. 1998ʣɻ 
 
2.3.2  ݕग़ݶքͱ෼ੳͷμΠφϛοΫϨϯδ   43 
 H2ɺN2ɺO2ɺCH4ɺCO2ɺN2O ͷݕग़ݶքʢlimit of detection: LODʣΛࠃࡍ७ਖ਼ɾԠ༻
Խֶ࿈߹ʢInternational Union of Pure and Applied Chemistry: IUPACʣج४ʢLong and 
Winefordner 1983ʣΛ༻͍ͯࢉग़ͨ͠ɻLOD ͷࢉग़ࣜ͸࣍ͷ௨ΓͰ͋Δɻ 
 
   L O D   =   k   ! sd / m 
 
k:  ৴པ۠ؒΛܾΊΔͨΊͷϑΝΫλʔʢ৴པਫ४ 90%Ҏ্ͱͯ͠ɺk=3ʣ 
sd:  ࢒ࠩͷඪ४ภࠩ 
m:  ճؼ௚ઢͷ܏͖ 
 
 ֤Ψεछͷճؼ௚ઢ͸ɺ Table 2-2 ʹࣔͨ͠ೱ౓ͷ͏ͪ࠷΋௿ೱ౓ͷ 3 ͭͷΨεΛ༻͍
ͯ࡞੒ͨ͠ɻ֤Ψεछͷճؼ௚ઢࣜͱࢉग़͞Εͨ LOD Λ Table 2-3 ʹࣔ͢ɻ෼ࢠΠΦϯ
ʹର͢ΔϑϥάϝϯτΠΦϯͷڧ౓͸ճؼ௚ઢͷ܏͖͔Βࢉग़͠ɺTable 2-3 ʹࣔͨ͠ɻ
y ੾ยʹ͍ͭͯɺN2ɺO2ͳͲͷେؾதʹߴ͍ೱ౓Ͱଘࡏ͢ΔΨεछʹ͓͍ͯਖ਼ͷ஋Λͱ
͍ͬͯΔͷ͸ɺඪ४Ψεͷرऍܥྻͷ࡞੒࣌΍Ψεͷ࠾औɾಋೖ࣌ʹ͓͚Δࠞೖ͕େ͖
͘Өڹ͍ͯ͠Δͱߟ͑ΒΕΔɻҰํɺH2΍ N2O ͳͲͷେؾதʹ΄ͱΜͲଘࡏ͍ͯ͠ͳ
͍Ψεछʹ͓͍ͯ y ੾ย͕ෛͷ஋ΛͱΔ͜ͱʹ͍ͭͯ͸ɺ ඪ४Ψε࡞੒࣌ͷܥ౷ޡࠩͷ
ͨΊͱߟ͑ΒΕΔɻ 
 શͯͷΨεछʹ͍ͭͯ࡞੒ͨ͠ඪ४ۂઢʹ͓͍ͯɺ O2ɺ CO2ɺ N2ɺ N2Oɺ CH4͸ 20 ! 10
4 
ppmʢ=20%ʣ·ͰɺH2͸ 100 ! 10
4 ppmʢ=100%ʣ·ͰΨεೱ౓ͱϐʔΫΤϦΞͱͷؒ
Ͱ௚ઢੑ͕ಘΒΕͨʢTable 2-3ɺFigure 2-4ʣɻIUPAC ج४ʢ1997ʣʹ͓͍ͯɺμΠφ
ϛοΫϨϯδ͸Ψεೱ౓ͱϐʔΫΤϦΞͷؒͰ௚ઢؔ܎͕ҡ࣋͞ΕΔ࠷େೱ౓ͱ LOD
ͷൺͱͯ͠ఆٛ͞Ε͍ͯΔɻ֤Ψεछͷࢉग़͞ΕͨμΠφϛοΫϨϯδΛ Table 2-3 ʹ
ࣔ͢ɻຊݚڀʹ͓͍ͯɺݕग़ثిѹʢ0.8 kVʣͱαϯϓϧͷಋೖྔΛܾఆ͢ΔεϓϦο
τൺʢ30ʣ͸ CH4ɺCO2ɺN2O Λ 5ppm ҎԼ͔Β 20%·ͰͷϨϯδͰಉ࣌ʹଌఆͰ͖Δ  44 
Α͏ʹઃఆͨ͠ɻ5ppm ҎԼ͔Β 20%·ͰͷϨϯδͰଌఆͰ͖Ε͹ɺ΄ͱΜͲͷඍੜ෺
ͷഓཆ࣮ݧʹରԠͰ͖Δ͔ΒͰ͋Δɻ·ͨ N2  ΍ O2ʹ͍ͭͯ΋ 70 ppm ͔Β 20%·Ͱͷ
ϨϯδͰଌఆͰ͖ΔͨΊɺඍੜ෺ͷ୅ँͰੜ੒ɾফඅ͞ΕΔओཁͳΨεछͷಈଶΛҰ౓
ʹϞχλϦϯά͢Δ͜ͱ͕ՄೳͰ͋ΔɻΑΓ௿͍ೱ౓ͷΨεΛଌఆ͢Δ৔߹ʹ͸ɺݕग़
ثిѹΛ্͛Δɺ·ͨ͸εϓϦοτൺΛԼ͛ɺΧϥϜ΁ͷಋೖྔΛ্͛Δ͜ͱʹΑͬͯ
ݕग़ݶքΛԼ͛Δ͜ͱ΋ՄೳͰ͋Δɻྫ͑͹ɺݕग़ثిѹΛ 1.2 kV ʹ্͛ɺεϓϦο
τൺΛ 10 ʹԼ͛Δ͜ͱͰɺ େؾதͷ N2O ʢ310 ppbʣΛ ݕ ग़ ͢ Δ ͜ ͱ ͕ ग़ དྷ Δ ɻಉ ༷ ʹ ɺ
εϓϦοτൺΛ͞Βʹ্͛ɺΧϥϜ΁ͷಋೖྔΛԼ͛Δ͜ͱͰɺΑΓߴೱ౓ͷΨεΛఆ
ྔ͢Δ͜ͱ͕ՄೳͰ͋Δɻ 
 H2ͷݕग़ײ౓͸ଞͷΨεछʹൺ΂ͯ௿͍ɻ͜Ε͸ H2ͷϑϥάϝϯςʔγϣϯޮ཰͕
ߴ͘ɺେ෦෼͕ H
+ (m/z 1)ʹͳΔͨΊͱߟ͑ΒΕΔɻm/z 1 ͸ຊݚڀͰ༻͍ͨ GC/MS ͷ
ηοτΞοϓͰ͸ݕग़͢Δ͜ͱ͕ग़དྷͳ͍(Table 2-3)ɻ͔͠͠ɺ௨ৗͷഓཆ࣮ݧͰΈΒ
ΕΔਫૉೱ౓͸Ұൠతʹຊݚڀͷ H2ͷ LOD ΑΓߴ͍ͨΊ ʢAguiar et al. 2004; Boga et al. 
2007; Cadillo-Quiroz et al. 2008; Hetzer et al. 2008ʣɺH2ͷݕग़ײ౓͕௿͍͜ͱ͸ GC/MS
ͷ༗༻ੑʹӨڹΛ༩͑ͳ͍ͱߟ͑ΒΕΔɻ 
 
2.3.3 όοΫάϥ΢ϯυΨε͕Ψεݕग़ײ౓ʹٴ΅͢Өڹ 
 όοΫάϥ΢ϯυΨε͕Ψεݕग़ײ౓ʹٴ΅͢ӨڹΛݕূ͢ΔͨΊɺN2όοΫάϥ
΢ϯυͱ He όοΫάϥ΢ϯυͷ O2ͷݕग़ײ౓Λൺֱͨ͠ɻFigure 2-5 ʹࣔ͢Α͏ʹɺ
He όοΫάϥ΢ϯυͷํ͕ɺN2όοΫάϥ΢ϯυʹൺ΂ͯେ͖ͳ܏͖͕ಘΒΕɺO2ͷ
ݕग़ײ౓͕ߴ͍ɻ͜Ε͸࣍ͷΑ͏ʹઆ໌Ͱ͖Δɻʢ1ʣ෼཭ΧϥϜʹ͓͚Δ N2ͷอ࣋࣌
ؒ͸ O2ͷͦΕͱۙ઀͍ͯ͠Δɻʢ2ʣͦͷͨΊɺ΄΅ಉ࣌ʹΠΦϯԽνϟϯόʔʹಋೖ
͞ΕΔɻʢ3ʣ݁Ռతʹߴೱ౓ͷ N2ͷଘࡏʹΑͬͯɺO2ͷΠΦϯԽ͕཈੍͞ΕɺΠΦϯ
Խ͞Εͳ͍ O2͸ݕग़͞Εͳ͍ͨΊʹݕग़ײ౓͕௿ݮ͢Δɻ   45 
 ͕ͨͬͯ͠ɺྫ͑͹ O2  ΍ CO ͷΑ͏ͳɺอ͕࣋࣌ؒόοΫάϥ΢ϯυΨεʢN2ʣͷ
อ࣋࣌ؒͱۙ઀͍ͯ͠ΔΑ͏ͳ͕ΨεछΛଌఆ͢Δ৔߹ʹ͸ɺ ݕྔઢΛ࡞੒͢ΔͨΊͷ
ඪ४Ψεʹ͍ͭͯ΋ɺόοΫάϥ΢ϯυΨεΛ N2ʹ͢Δඞཁ͕͋Δɻ·ͨಉ༷ʹɺό
οΫάϥ΢ϯυΨε͕ N2Ҏ֎Ͱ͋ͬͯ΋ɺ όοΫάϥ΢ϯυΨε͸ߴೱ౓Ͱ͋ΔͨΊɺ
όοΫάϥ΢ϯυΨεͷϐʔΫͷςʔϦϯάʹΑͬͯଌఆ͢ΔΨεछͷݕग़ײ౓͕௿
Լ͢ΔՄೳੑ͕͋ΔɻैͬͯɺݕྔઢΛ࡞੒͢ΔͨΊͷඪ४Ψε͸ɺ࣮ࡍʹଌఆ͢Δα
ϯϓϧͷόοΫάϥ΢ϯυΨεͱಉҰͷΨεͰ࡞੒͢Δඞཁ͕͋Δɻ 
 
2.3.4 ୤஠ࡉەͷΨε୅ँͷϞχλϦϯά 
 ຊݚڀͷվྑ GC/MS γεςϜͷ༗༻ੑΛݕ౼͢ΔͨΊɺ୤஠ࡉە Pseudomonas 
chlororaphis subsp. aureofaciens ATCC 13985
Tͷഓཆ࣌ͷϔουεϖʔεͷ O2ɺ CO2ɺ N2O
ͷೱ౓มԽΛ 48 ࣌ؒϞχλϦϯάͨ͠ʢFigure 2-6ʣɻࡉەͷ૿৩ͱ୤஠׆ੑ͔Β 3 ͭ
ͷϑΣʔζʹ෼͚ΒΕͨɻ ͢Θͳͪɺ ʢ1ʣ޷ ؾ ੜ ҭ ঢ় ଶ ɺ ʢ2ʣҰ ࣌ త ͳ ૿ ৩ ఀ ࢭ ঢ় ଶ ɺ
ʢ3ʣݏؾੜҭঢ়ଶͷ 3 ͭͰ͋Δɻ͜ͷ݁Ռ͸໌Β͔ʹɺP. aureofaciens ATCC 13985
T
͸ഓཆ౰ॳ͸ࢎૉݺٵΛߦ͏͕ɺϔουεϖʔεͷ O2ೱ౓͕ 10%ΛԼճΔʹͭΕͯɺ
঳ࢎݺٵʹ੾Γସ͑Δ͜ͱΛ͍ࣔࠦͯ͠ΔɻͱΓΘ͚ɺ঳ࢎݺٵͷ։࢝͸ࡉ๔ͷ૿৩ͱ
࿈ಈ͓ͯ͠ΒͣɺΉ͠ΖҰ࣌తͳ૿৩ͷఀࢭ͕֬ೝ͞Εͨɻ͜ͷΑ͏ͳݱ৅Λ͸͖ͬΓ
ͱࣔͨ͠ݚڀ͸΄ͱΜͲͳ͍ɻຊݚڀʹ͓͍ͯɺج࣭ͱͳΔΨεɺੜ੒͞ΕΔΨεɺ·
ͨࡉ๔ͷ૿৩Λಉ࣌ʹଌఆ͢Δ͜ͱͰɺࠓޙͷ৽ͨͳݚڀ՝୊ʹͳΓ͏Δ P. 
aureofaciens ͷݺٵܗଶͷ੾Γ׵͑ͱ૿৩ʹؔ͢Δڵຯਂ͍ݱ৅͕؍࡯͞Εͨɻ 
 ͜Ε·Ͱ୤஠ࡉەʹؔ͢Δੜཧֶతݚڀͷ΄ͱΜͲ͸ݏؾ৚݅͋Δ͍͸ඍ޷ؾ৚݅
ԼͰߦΘΕʢZumft 1997ʣɺ޷ؾ͔Βݏؾɺ͋Δ͍͸ͦͷٯͱ͍ͬͨ O2ೱ౓ͷ࿈ଓม
Խ͕୤஠׆ੑ ʢKester et al. 1997; Kornaros and Lyberatos 1998; Molstad et al. 2007; Otte et al. 
1996; Thomas et al. 1994ʣ΍ଞͷඍੜ෺ͷΨεੜ੒ʢKampschreur et al. 2008; Yu et al. 
2010ʣʹٴ΅͢Өڹʹؔ͢Δੜཧֶతݚڀ͸ݶΒΕ͍ͯΔɻͦͷओͳݪҼͷҰͭ͸ɺ  46 
O2΍ଞͷج࣭ɾੜ੒ΨεΛಉ࣌ʹϞχλϦϯά͢ΔͨΊͷద੾͔ͭ؆ศͳ෼ੳख๏͕
ݶΒΕ͍ͯΔͨΊͱߟ͑ΒΕΔɻ ޷ؾ ɾ ݏؾͳͲͷ O2ೱ౓͸ඍੜ෺ͷϥΠϑελΠϧɺ
·ͨͦΕΏ͑෺࣭॥؀Λܾఆ͚ͮΔओͳཁҼͷҰͭͰ͋ΔʢBrune et al. 2000; Megonigal 
et al. 2004ʣɻຊݚڀͰୡ੒͞ΕͨΨε୅ँ෼ੳͷେ͖ͳਐల͸ඍੜ෺ͷੜཧֶ͋Δ͍
͸ੜଶֶͷࠓޙͷݚڀʹେ͖͘໾ʹཱͭͱߟ͑ΒΕΔɻ 
 
2.4 ݁࿦ 
 վྑ GC/MS γεςϜΛ༻͍ͨ෼ੳ๏ͷཱ֬ʹΑͬͯɺඍੜ෺ͷ୅ँͰΈΒΕΔΨε
Խ߹෺ͷ΄ͱΜͲΛಉ࣌ʹ෼ੳ͢Δ͜ͱ͕Մೳͱͳͬͨɻ͔͠΋ɺ2.5 ෼ͰఆྔՄೳͰ
͋ΓʢFigure 2-2ʣɺ·ͨɺߴײ౓͔ͭ޿͍μΠφϛοΫϨϯδͰͷଌఆ͕Մೳͱͳͬ
ͨʢTable 2-3ɺFigure 2-4ʣɻ·ͨɺΨεಋೖޱΛ He ྲྀͰඃ͍ɺΨεͷ࠾औ΋ He ྲྀͷ
தͰߦ͏͜ͱͰ ʢFigure 2-1ɺ 2-2ʣɺΨ ε ͷ ࠾ औ ͋ Δ ͍ ͸ ಋ ೖ ࣌ ͷ େ ؾ ͷ ࠞ ೖ Λ ܰ ݮ ͠ ɺ
N2  ΍ O2ʹ͍ͭͯ΋ಉ༷ʹଌఆ͢Δ͜ͱ͕ՄೳͱͳͬͨʢTable 2-3ɺFigure 2-4ʣɻ͜ͷ
վྑ GC/MS γεςϜ͸ඍੜ෺ֶݚڀͷΈͳΒͣɺ২෺ͷΨε୅ँͳͲͷଞͷੜ෺ֶత
ݚڀʹ΋ద༻Ͱ͖Δɻ͞Βʹɺඍੜ෺ֶݚڀ΁ͷ͞ΒͳΔར༻ͱͯ͠ɺ҆ఆಉҐମΛ༻
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P. chlororaphis subsp. aureofaciens s ATCC 13985
T Λ༻͍ͯ N2O ʹม׵͠ɺ ͦͷ N2O ͷ஠
ૉ҆ఆಉҐମൺʢ
15N/
14NʣΛ͜ͷվྑ GC/MS γεςϜΛ༻͍ͯଌఆ͢Δख๏Λཱ֬͠
ͨɻ 
 Injection  Split ratio  30 
Injection volume  200 μL 
Temperature  100 °C 
GC Separation  Total ﬂow  61.3 mL/ min 
Head pressure  38.0 kPa 
Column ﬂow  2.03 mL/min 
Linear velocity  56.6 cm/sec 
Temperature program: 
                         100 °C/ min  
50 °C (2.5 min)                   110 °C (0.2min) 
MS detection  Ionization energy  70 eV 
Ion source temperature  200 °C 
Interfece temperature  250 °C 
Detection voltage  0.80 kV 
Analytical mode  SIM 
Table 2-1 Operational conditions of GC/MS 

Gas 
species 
Diluted gas concentration for calibration (ppm) 
H2  10.8× 102, 26.9 × 102, 53.5 × 102, 63.6 × 103, 12.1 × 104, 21.9 × 104, 100 × 104 (=100 %) 
N2  541, 10.8 × 102, 26.9 × 102, 53.5 × 102, 63.5 × 103, 12.0 × 104, 20.6 × 104 (=20.6 %) 
O2  541, 10.8 × 102, 27.0 × 102, 53.8 × 102, 64.2 × 103, 12.1 × 104, 21.0 × 104 (=21.0 %) 
CH4  7.2, 57.3, 287, 529, 26.7 × 102, 63.8 × 102, 12.3 × 104, 21.7 × 104 (=21.7 %) 
CO2  7.2*, 57.3, 287, 529, 26.7 × 102, 64.0 × 102, 12.0 × 104, 21.0 × 104 (=21.0 %) 
N2O  7.2, 57.3, 287, 529, 26.7 × 102, 63.9 × 102, 12.1 × 104, 21.4 × 104  (=21.4 %) 
Table2-2 Concentrations of gas species prepared for standard calibration. All of standard gas 
preparations listed here were quantiﬁed successfully, except one marked with asterisk.  
* peak was too small for m/z 28 of CO2 to quantify at this concentration.  Gas  
species 
m/z 
Ion 
species 
 Equation for  
standard curve 
LOD 
(ppm) 
Linear  
dynamic range 
Relative intensity of 
fragment ion (%) 
H2  2  H2
+       y = 0.2 x - 34.0  335.9  3.0 × 103  100 
N2  28  N2
+       y = 49.1x + 4469.0  60.5  3.4 × 103  100 
14  N+       y = 1.8x - 32.0  81.8  2.5 × 103  3.7 
O2  32  O2
+       y = 36.9x + 1522.7  69.6  3.0 × 103  100 
16  O+       y = 1.4x + 14.1  79.6  2.6 × 103  3.8 
CH4  16  CH4
+       y = 21.2x + 3.1  3.3  6.6 × 104  100 
15  CH3
+       y = 17.4x + 3.3  3.8  5.7 × 104  82.1 
CO2  44  CO2
+       y = 74.6x + 61.3  5.1  7.2 × 104  100 
28  CO+       y = 6.2x + 93.7  29.2  2.8 × 104  8.3 
N2O  44  N2O+       y = 52.8x - 17.6  2.2  9.7 × 104  100 
30  NO+       y = 14.0x - 0.4  5.5  3.9 × 104  26.5 
Table 2-3   The linear regression equations, estimated limits of detection (LODs), linear 
dynamic ranges and relative intensity of fragment ion. The three lowest concentrations 
quantiﬁed  were  used  to  obtain  linear  regressions  (n=10  for  each  concentration). 
Correlation coefﬁcient, R2, of all equations was approximated to 1.00. 
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Figure  2-1.  Schematic  diagram  of  the  commercial  quadrupole  GC/MS 
analytical system modiﬁed in this study. Gas samples were injected using a 
gas-tight syringe via the injection port (A) into one of the two sample loops 
ﬁtted to the 8-port valve (B). The injection port and the 8-port valve were 
enveloped by He ﬂowing in the surrounding jacket to avoid contamination 
with ambient air. Once the sample loop was ﬁlled with the injected sample, 
the valve was switched and the gas sample present in either of the sample 
loops  was  subsequently  loaded  on  the  streamline  and  conveyed  by  the 
carrier gas stream into the GC separation column. The gas components of 
the  sample  were  separated  on  the  separation  column  and  each  gas 
species  was  detected  by  the  speciﬁc  mass-to-charge  ratio  in  the 
quadrupole detector. 
Figure  2-2.  Picture  of  modiﬁed  injection  port  and  8-port  valve.  Injection  port  was 
consisted  mainly  of  an  inlet  and  a  jacket  covering  it.  To  avoid  contamination  from 
ambient air, inlet and 8-port valve were covered with He stream. For measurements, a 
200-μl gas sample was injected using a gas-tight syringe from the part, (A) in the picture 
into either a 25 or 50 μl sample loop. Between sample injections, the injection port and 
the two sampling loops were ﬂushed with ultrapure He as described in the picture. 
Inlet 
Jacket covering valve channel  
with He stream 
Jacket covering inlet 
with He stream 
Loop 1 
(25μL) 
Loop 2 
(50μL) 
(A)
Figure 2-3. The mass chromatogram of a mixture of nine gasses species; H2 (a, 
m/z 2), N2 (b, m/z 14, 28), O2 (c, m/z 16, 32), Ar (d, m/z 40), 13CO (e, m/z 29), 
15NO (f, m/z 31), CH4 (g, m/z 15, 16), CO2 (h, m/z 28, 44), and N2O (i, m/z 30, 
44) in a He matrix. 
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Figure 2-4. Standard curves on a double logarithmic scale for the estimation of dynamic 
ranges for H2 (a, m/z 2), N2 (b, m/z 14, 28), O2 (c, m/z 16, 32), CH4 (d, m/z 15, 16), CO2 
(e,  m/z  28,  44),  and  N2O  (f,  m/z  30,  44)  in  a  He  matrix. The  square  of  the  sample 
correlation coefﬁcient, R2, of all the regression lines on the double logarithmic scale were 
above  0.999.  Ten  replicate  injections  for  the  three  lowest  concentrations,  and  four 
replicate injections for the higher concentrations were carried out. 
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Figure 2-5. Standard curves for the O2 concentration in He and N2 matrices. 
All data are shown as the mean of n=2. 
Figure 2-6. Concentrations of O2, CO2, and N2O in the headspace of a 
rubber-stoppered serum bottle containing a culture of P. aureofaciens in 
10mM nitrate-amended medium. The gas concentrations and A600 of the 
culture after a 48-h incubation period were 11.5 ± 0.0 % for CO2, 10.1 ± 
0.0 % for N2O, 0.05 ± 0.01 % for O2, and 0.51 ± 0.01 for A600. Error bars 
represent the standard errors of means (n=3), although some error bars 
are masked by the symbols.  
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3.1 ॹݴ 
 ৿ྛ౔৕தͰ͸༷ʑͳ஠ૉม׵ϓϩηε͕ಉ࣌ฒߦ͓ͯ͜͠Δɻ ͦͷͨΊ஠ૉͷಈଶ
΍॥؀Λཧղ͢ΔͨΊʹ͸ɺ ͦΕͧΕͷϓϩηεͷ஠ૉϑϩʔ଎౓ͷਫ਼֬ͳଌఆ͕ෆՄ
ܽͰ͋Δɻ஠ૉϑϩʔͷ଎౓ͷଌఆʹ͸ɺैདྷ͔Β஠ૉ҆ఆಉҐମʢ
15Nʣ͕༻͍ΒΕ
͓ͯΓɺ ͦ͜Ͱ͸౔৕தͷ஠ૉͷ҆ఆಉҐମൺ ʢ
15N/
14NʣΛ ਫ਼ ֬ ʹ ଌ ఆ ͢ Δ ඞ ཁ ͕ ͋ Δ ɻ
ͦ͜Ͱຊষʹهड़͢ΔݚڀͰ͸ɺۙ೥։ൃ͞Εͨ୤஠ە๏΍ΞβΠυ๏ʢޙड़ʣʹɺୈ
2 ষͰهड़ͨ͠վྑ GC/MS γεςϜΛ૊Έ߹ΘͤΔ͜ͱʹΑͬͯɺ౔৕தͷ஠ૉԽ߹
෺ͷ
15N/
14N Λ؆ศ͔ͭਫ਼֬ʹଌఆ͢Δํ๏Λ৽ͨʹཱ֬ͨ͠ɻ 
 
 લड़ʢୈ 1 ষɺηΫγϣϯ 1.4ʣͷ௨Γɺ౔৕தͰແػଶ஠ૉ͸ੜ੒ͱಉ࣌ʹফඅ͞
ΕΔͨΊɺ࣮ࡍͷϑϩʔͷ଎౓ʢਅͷ଎౓ɺ૯଎౓ʣ͸ϓʔϧαΠζʢೱ౓ʣͷมԽ͔
Βࢉग़͢Δ଎౓ʢݟ͔͚ͷ଎౓ɺ७଎౓ʣΑΓେ͖͍ɻͦͷͨΊ౔৕தͷ஠ૉ॥؀ϓϩ
ηε͸ɺ ஠ૉϑϩʔͷ૯଎౓ʹ΋ͱ͍ͮͯղੳ͢Δඞཁ͕͋Δɻ ·ͨ঳ԽΛྫʹͱΔͱɺ
঳Խە܈ूͷػೳ͸ɺ঳ࢎͷϓʔϧαΠζ΍७঳Խ଎౓Ͱ͸ͳ͘ɺ૯঳Խ଎౓ʹ൓ө͞
ΕΔɻͦͷͨΊ঳Խە܈ूͷੜଶܥػೳΛ໌Β͔ʹ͢ΔͨΊʹ͸ɺ૯঳Խ଎౓Λ஌Δ͜
ͱ͕ෆՄܽͰ͋Δɻ͢ͳΘͪ෺࣭॥؀ݚڀɺඍੜ෺ੜଶݚڀͷ྆໘͔Βݟͯ΋஠ૉϑϩ
ʔͷ૯଎౓ͷଌఆ͸ඇৗʹॏཁͰ͋Δɻ 

15N ͷར༻͸ɺ஠ૉϑϩʔͷ૯଎౓Λଌఆ͢ΔͨΊͷڧྗͳ෼ੳπʔϧͰ͋Δɻ͜Ε
·Ͱ
15N Λ༻͍ͯɺ౔৕தͷແػԽ΍঳Խͷ૯଎౓ଌఆ͕ߦΘΕ͖ͯͨʢDavidson et al. 
1992ʣɻ ۩ ମ త ʹ ͸ ౔ ৕ ʹ
15NH4
+΍
15NO3
–ΛఴՃ͠ɺ NH4
+΍ NO3
–ͷೱ౓ͱ
15N/
14N ͷ୯Ґ
࣌ؒ͋ͨΓͷมԽ͔Β૯଎౓Λࢉग़͖ͯͨ͠ɻ͢ͳΘͪ૯଎౓ͷଌఆʹ͸ɺ౔৕தͷ஠  56 
ૉԽ߹෺ͷ
15N/
14N Λਫ਼֬ʹଌఆ͢Δඞཁ͕͋Δɻ 
 ஠ૉԽ߹෺ͷ
15N ଌఆʹ͍ͭͯɺ͜Ε·Ͱଟ͘ͷվྑ͕ߦΘΕ͖ͯͨɻ͔͠͠ɺ͍·
ͩʹͦͷ෼ੳߦఔ͸൥ࡶͰ͋Γɺ ಉҐମൺ࣭ྔ෼ੳ૷ஔ ʢIsotope ratio mass spectrometry: 
IRMSʣͷΑ͏ͳߴՁͳ෼ੳ૷ஔΛඞཁͱ͢ΔɻͦͷͨΊɺඍੜ෺Λࡐྉͱͯ͠ੜଶֶ
తɾੜཧֶతݚڀΛߦ͏ݚڀऀʹͱͬͯɺͦͷॏཁੑͱ͸൓໘ɺ૯଎౓Λଌఆ͢Δϋʔ
υϧ͸ߴ͍ɻ·ͨɺ؀ڥαϯϓϧͷதͰ΋ɺ౔৕αϯϓϧ͸ಛʹ૯଎౓Λଌఆ͢Δͷ͕
ࠔ೉Ͱ͋Δɻ౔৕͸ෆۉҰͳܥͰ͋ΔΏ͑ɺҰൠʹଟ͘ͷαϯϓϧΛଌఆ͠ͳ͚Ε͹͍
͚ͳ͍ ʢ෼ੳͷ܁Γฦ͠਺͕ଟ͍ʣ ɻ ͦͷͨΊ൥ࡶͳ෼ੳߦఔ΍ɺ ෼ੳʹଟྔͷ஠ૉ ʢ͢
ͳΘͪଟྔͷ౔৕நग़ӷʣΛඞཁͱ͢Δଌఆ๏͸޷·͘͠ͳ͍ɻ·ͨ౔৕͔Βͷ஠ૉԽ
߹෺ͷநग़ʹ͸௨ৗ 2M  KCl ΍ 0.5M  K2SO4༹ӷΛ༻͍ΔͨΊɺߴԘೱ౓நग़ӷʹରԠ
ͨ͠෼ੳ๏͕ඞཁͱ͞ΕΔɻ 
 ैདྷɺ౔৕நग़ӷதͷ஠ૉԽ߹෺ʹؚ·ΕΔ
15N ͱ
14N ͷൺʢ
15N/
14Nʣ͸ɺ͜ΕΒͷ
Խ߹෺Λ࠷ऴతʹΨεଶͷ Nʢྫ͑͹ N2ʣʹม׵ͨ͠ޙʹɺIRMS Λ༻͍ͯଌఆ͢Δɺ
ͱ͍͏ߦఔͰଌఆ͞Ε͖ͯͨɻैདྷ๏ʹΑΔ NH4
+ɺNO3
–ɺશ༹ଘ஠ૉʢtotal  dissolved 
nitrogen: TDNʣͷ
15N/
14N ଌఆͷߦఔΛ Figure 3-1 ʹࣔ͢ɻ͜ͷߦఔͰ͜Ε·Ͱ࠷΋༻͍
ΒΕ͖ͯͨख๏͸ diffusion ๏ʢStark  and  Hart  1996ʣͰ͋Δɻdiffusion ๏Λ༻͍ͨߦఔ
ʢFigure  3-1ʣͰ͸ɺ౔৕நग़ӷ͔Β·ͣ NH4
+ͷΈΛճऩ͠ɺଓ͍ͯ NO3
–Λճऩ͢Δɻ
۩ମతʹ͸ɺ౔৕நग़ӷʢ2M KCl ·ͨ͸ 0.5M K2SO4ʣΛΞϧΧϦ৚݅Լʹͯ͠ɺӷத
ͷ NH4
+Λ NH3ͱͯ͠شൃͤ͞ɺͦΕΛࢎੑͷΨϥεϑΟϧλʔΛ༻͍ͯ NH4
+ͱͯ͠ճ
ऩ͢Δ ʢdiffusion ๏ʣ ɻ NH4
+͕͢΂ͯճऩ͞ΕͨΒɺ ౔৕நग़ӷʹσόϧμ߹ۚΛՃ͑ɺ
౔৕நग़ӷதͷ NO3
–ΛԽֶతʹ NH4
+ʹؐݩ͠ɺ ͦΕΛ࠶౓ diffusion ๏Ͱճऩ͢Δɻ TDN
ͷ৔߹Ͱ͋Ε͹ɺ աེࢎͱͷ൓ԠʹΑΓɺ ౔৕நग़ӷதͷ TDN  Λ NO3
–ʹԽֶతʹࢎԽ
͠ɺσόϧμ߹ۚʹΑΓ NH4
+ʹؐݩͨ͠ޙɺdiffusion ๏Ͱճऩ͢ΔɻNH4
+ͱͯͦ͠Ε
ͧΕճऩ͞Εͨɺ ౔৕நग़ӷதͷ NH4
+ɺ NO3
–ɺ TDN ͸ɺ ݩૉ෼ੳ૷ஔ ʢelemental analyzer: 
EAʣ෇͖ IRMSʢEA-IRMSʣͷதͰ೩মͯ͠ N2ʹͨ͠ޙɺͦͷ
15N/
14N Λ
28N2ɺ
29N2ɺ  57 
30N2  ͷൺʹΑͬͯࢉग़͢Δɻ͔͠͠ɺdiffusion ๏ͱ EA-IRMS ͷ૊Έ߹Θͤʹ͸͍ͭ͘
͔ͷଌఆ্ͷ໰୊఺͕͋Δɻྫͱͯ࣍͠ͷʢAʣ-ʢDʣΛڍ͛Δɻ 
ʢAʣநग़ӷதͷ NO3
!ͷ
15N/
14N  Λଌఆ͢ΔͨΊʹ͸ɺͦͷલʹ NH4
+Λநग़ӷ͔Β
diffusion ๏ʹΑͬͯճऩ͓ͯ͘͠ඞཁ͕͋ΔɻͦͷͨΊɺNH4
+ͷճऩ͕ෆ׬શͰ͋
Ε͹ɺશͯͷଌఆʹେ͖ͳޡࠩΛ༩͑ͯ͠·͏ɻ 
ʢBʣࢼༀɺಛʹσόϧμ߹ۚ͸ෆ७෺ͱͯ͠஠ૉΛؚΜͰ͓Γɺͦͷߴ͍஠ૉϒϥϯ
ΫΛߟྀ͠ͳ͚Ε͹͍͚ͳ͍ʢStephan and Kavanagh 2009ʣɻ  
ʢCʣ࠷ऴੜ੒෺Ͱ͋Δ N2͸େؾͷओ੒෼Ͱ͋ΔͨΊɺ෼ੳ࣌ʹେؾ͔Βͷ N2ͷࠞೖ
ʹΑΓଌఆਫ਼౓͕௿Լ͢ΔϦεΫ͕ߴ͍ɻͦͷͨΊɺਫ਼֬ʹ෼ੳ͢ΔͨΊʹ͸ɺα
ϯϓϧͷ஠ૉྔΛ૬ରతʹଟ͘ IRMS ෼ੳγεςϜʹಋೖ͢Δඞཁ͕͋Δɻ ͦͷͨ
Ί෼ੳʹ͸ଟ͘ͷ஠ૉྔʢe.g. 60 "g-Nʣɺ ͢ ͳ Θ ͪ ଟ ͘ ͷ ந ग़ ӷ ͕ ඞ ཁ ͱ ͞ Ε Δ ɻ  
ʢDʣଟ ͘ ͷ IRMS ͸ࣗવ҆ఆಉҐମൺఔ౓͢ͳΘͪ 0.366 
15N atom% ʢ
15N atom%    = 100 
# 
15N/ʢ
14N+
15Nʣʢ %ʣʣ ఔ ౓ Λ த ৺ ʹ ɺ ඍ ྔ ͷ
15N ͷมಈʢྫ͑͹ 0.363 
15N atom%
ͱ 0.372 
15N atom%ͷࠩʣΛଌఆ͢ΔͨΊʹઃܭ͞Ε͍ͯΔɻ͔͠͠ɺ૯଎౓͸ɺ౔
৕ʹ
15N ΛՃ͑ͯଌఆ͢ΔͨΊʹɺͦΕʹൺ΂ͯଟྔͷ
15N ͷมಈʢྫ͑͹ 10 
15N 
atom%ͱ 30 
15N atom%ͷࠩҟʣ Λѻ͏ɻ ͦͷͨΊɺ ૯଎౓ଌఆʹ IRMS Λ༻͍Δͱɺ
ଟྔͷ
15N  ͕ IRMS ʹಋೖ͞ΕΔͨΊɺIRMS ͷݕग़ثʢϑΝϥσʔΧοϓʣ͕๞
࿨ͯ͠ଌఆͰ͖ͳ͍ɻͦͷ৔߹ɺநग़ӷதͷ
15N/
14N Λرऍ͢Δʢ
15N atom%ΛԼ͛
Δʣඞཁ͕ੜ͡Δɻநग़ӷதͷ஠ૉԽ߹෺ͷ
15N/
14N ͷرऍ͸ɺͦͷ஠ૉԽ߹෺ͷ
14N Λநग़ӷʹεύΠΫ͢Δ͜ͱͰߦ͏ɻ ͔͠͠ɺ ͦͷΑ͏ͳεύΠΫʹΑΔ
15N/
14N
ͷرऍ͸ɺ࡞ۀߦఔ͕൥ࡶʹͳΔ͚ͩͰͳ͘ɺେ͖ͳޡࠩΛੜΉՄೳੑ͕͋Δɻ 
 ͜ΕΒͷ໰୊఺Λิ͏ͨΊͷ͍͔ͭ͘ͷΦϓγϣϯ΋ఏࣔ͞Ε͖ͯͨ
ʢRisgaard-Petersen  et  al. 1 9 9 3 ;  Stevens  and  Laughlin  1994;  Christensen and Tiedje  1988; 
Sigman et al. 2001; Stange et al. 2007ʣɻ ͦ ͷ த Ͱ ΋ ɺ Sigman et al.ʢ2001ʣ͕։ൃͨ͠୤஠
ە๏͸্هͷʢAʣ-ʢCʣΛΫϦΞ͠ɺ࣮ݧࣨ಺ͰͷϋϯυϦϯά͕࠷΋༰қͳํ๏Ͱ  58 
͋ΔɻSigman et al.ʢ2001ʣ͸ɺσόϧμ߹ۚʹΑΔؐݩ͓Αͼ diffusion ๏ͷ୅ΘΓʹɺ
୤஠ەΛ༻͍ͯ NO3
–  Λ N2O ʹؐݩ͠ɺͦͷ
15N/
14N Λ IRMS Λ༻͍ͯଌఆ͢Δํ๏Λ
ཱ֬ͨ͠ɻN2O ͸େؾதͷೱ౓͕খ͍ͨ͞Ίͷɺେؾ͔ΒͷࠞೖʹΑΔӨڹ͸΄ͱΜͲ
ͳ͍ɻ 
 ͔͠͠ɺSigman et al.ʢ2001ʣͷํ๏΋ɺඍྔͷ
15N ͷมಈΛଌఆ͢Δ໨తʹ։ൃ͞Ε
ͨଌఆ๏Ͱ͋Δɻͭ·Γ IRMS Λ࢖༻͢ΔͨΊʹɺ্ड़ͷ໰୊఺ʢDʣ͸ղܾ͞Ε͍ͯ
ͳ͍ɻ͞ΒʹɺΫϥΠΦτϥοϓͳͲͷΨεೱॖͷͨΊͷલॲཧΛߦ͏ͨΊʹ෼ੳ͕൥
ࡶͰ͋Δɻ ैͬͯ૯଎౓ଌఆʹͨΊʹ͸෼ੳߦఔͷ͞ΒͳΔվྑ͕ඞཁͰ͋Δɻ ͔͠͠ɺ
ୈ 2 ষͰࣔͨ͠վྑ GC/MS γεςϜΛ༻͍Ε͹ɺ༰қʹղܾͰ͖ΔՄೳੑ͕ߴ͍ɻ
GC/MS γεςϜ͸ɺN2O ͷݕग़ʹલॲཧΛඞཁͱͤͣɺ·ͨ N2O ͷೱ౓ఆྔʹରͯ͠
10
5ͷμΠφϛοΫϨϯδΛࣔ͢ʢୈ 2 ষʣ ɻͦΕΏ͑ɺ
15N  atom%ʹରͯ͠΋෯޿͍Ϩ
ϯδ͢ͳΘͪ 0.366 
15N atom%͔Β 100 
15N atom%Ͱͷఆྔ͕ՄೳͰ͋Δ͜ͱ͕༧૝͞Ε
Δɻ 
 ͦ͜Ͱɺ ຊষͰ͸ɺ ౔৕தͷ஠ૉϑϩʔͷ૯଎౓ଌఆͷ؆ศͳଌఆ๏ͷཱ֬ͷͨΊʹɺ
ඍྔͷ
15N ͷมಈΛଌఆ͢Δ໨తʹۙ೥։ൃ͞Εͨ୤஠ە๏΍ΞβΠυ๏ʢޙड़ʣͱୈ
2ষͰࣔͨ͠GC/MSγεςϜΛ૊Έ߹ΘͤΔ͜ͱͰɺ ౔৕தͷՄڅଶ஠ૉ ʢNH4
+ɺ NO3
–ɺ
NO2
–ɺTDNʣͷ
15N/
14N Λ؆ศ͔ͭਫ਼֬ʹଌఆ͢ΔͨΊͷ෼ੳ๏Λཱ֬͢Δ͜ͱΛ໨త
ͱͨ͠ɻ 
 
3.2 ํ๏ 
 ຊݚڀͷߦఔΛ Figure  3-2 ʹࣔ͢ɻ͜ͷ෼ੳγεςϜʹ͓͍ͯɺNH4
+ɺNO2
–ɺNO3
–ɺ
TDN  ͷଌఆ͕ 0.366 
15N atom%͔Β 100 
15N atom%·ͰͷϨϯδͰՄೳ͔Ͳ͏͔ɺ ͦΕͧ
Εͷ஠ૉԽ߹෺ͷ 2M KCl ·ͨ͸ 0.5 M K2SO4Λ༻͍ͯ࡞੒ͨ͠ඪ४༹ӷʹରͯ͠ద༻
͠ɺݕ౼ͨ͠ɻ·ͨɺGC/MS ͸ͦΕͧΕͷ஠ૉԽ߹෺ͷ
15N/
14N ͷΈͳΒͣೱ౓΋ಉ࣌
ʹଌఆͰ͖Δͱߟ͑ΒΕΔ͜ͱ͔Βɺೱ౓ͷඪ४༹ӷʹ͍ͭͯ΋࡞੒͠ɺಉ༷ͷݕ౼Λ  59 
ߦͬͨɻ 
 ۩ମతʹ͸ɺNH4
+͸ɺநग़ӷ͔Β diffusion ๏ʹΑͬͯճऩ͠ʢޙड़:  3.2.2ʣɺ ա ེ ࢎ
ࢎԽ๏ʹΑͬͯ NO3
–΁ͱࢎԽͨ͠ʢޙड़: 3.2.3ʣɻ TDN ͸ɺաེࢎࢎԽ๏ʹΑͬͯ NO3
–
΁ͱࢎԽͨ͠ʢޙड़: 3.2.4ʣɻ ै དྷ ๏ ͷ ෼ ੳ ߦ ఔ ʢ Figure 3-1ʣͰ͸ɺNO3
–͓Αͼ TDN Λ
NH4
+ͱͯ͠ճऩ͢Δ͕ɺຊݚڀͷߦఔʢFigure 3-2ʣͰ͸ NH4
+͓Αͼ TDN Λ NO3
–ʹม
׵ͨ͠ɻNO3
–͓Αͼ NO3
–ͱͨ͠ NH4
+ɺTDN ͸ͦΕͧΕɺୈ 2 ষͰ༻͍ͨ୤஠ە P. 
chlororaphis subsp. aureofaciensATCC 13985
TΛ༻͍ͯ N2O ʹؐݩͨ͠ ʢޙड़: 3.2.5ʣɻ N2O
ͱͨ͠ NH4
+ɺNO3
–ɺTDN ΛͦΕͧΕɺGC/MS γεςϜΛ༻͍ͯೱ౓ͱ
15N/
14N ͷಉ࣌
ఆྔΛߦͬͨʢޙड़: 3.2.7ʣɻ  
 ·ͨɺ͜Ε·Ͱͷ૯଎౓ଌఆ๏ʹ͓͍ͯ΄ͱΜͲର৅ͱ͞Εͯ͜ͳ͔ͬͨ NO2
–΋ର
৅ͱ͢ΔͨΊʹɺNO2
–ͷ
15N/
14N ͷ؆ศͳଌఆ๏ͷཱ֬Λ໨ࢦͨ͠ɻNO2
–͸ΞδԽਫૉ
ͱͷ൓ԠʹΑΓԽֶతʹ N2O ʹؐݩ͠ʢޙड़: 3.2.6ʣɺ ͦ ͷ
15N/
14N  Λ GC/MS γεςϜ
Λ༻͍ͯఆྔͨ͠ʢޙड़: 3.2.7ʣɻ  
 
3.2.1 ೱ౓ଌఆ͓ΑͼಉҐମൺʢ
15N/
14Nʣଌఆ༻ͷඪ४༹ӷͷ࡞੒ 
 Ұൠతʹɺ౔৕தͷՄ༹ଶ஠ૉͷநग़ʹ͸ 2 M KCl ༹ӷ͕༻͍ΒΕΔɻͦͷͨΊ 2 M 
KCl ༹ӷΛ༻͍ͯɺNH4
+ɺNO2
–ɺNO3
–ɺTDN ͷඪ४༹ӷΛ࡞੒ͨ͠ɻ·ͨɺҰൠతʹɺ
౔৕ඍੜ෺όΠΦϚε஠ૉͷଌఆʹ͸ 0.5 M K2SO4༹ӷ͕༻͍ΒΕΔɻ͢ͳΘͪ౔৕ඍ
ੜ෺όΠΦϚε஠ૉ͸ɺ౔৕ΛΫϩϩϗϧϜᗉৠ͢Δલޙʹ 0.5 M K2SO4༹ӷͰநग़͞
Εͨ౔৕தͷ TDN ͷ͔ࠩΒࢉग़͞ΕΔɻͦͷͨΊ 0.5 M K2SO4༹ӷΛ༻͍ͯɺTDN ͷ
ඪ४༹ӷΛ࡞੒ͨ͠ɻ 

15N/
14N ଌఆ༻ʹ 0.37ɺ10.3ɺ20.2ɺ49.8ɺ99.3 
15N atom%ͷඪ४༹ӷΛɺೱ౓ଌఆ༻ʹ
0ɺ10ɺ20ɺ50ɺ100 "M-NʢNH4
+ʣ·ͨ͸ 0ɺ100ɺ200ɺ500ɺ1000 "M-NʢNO3
–ɺTDNʣ
ͷඪ४༹ӷΛ࡞੒ͨ͠ɻ TDN ͷଌఆͷͨΊʹ͸ɺ ඪ४෺࣭ͱͯ͠άϦγϯΛ༻͍ͨɻ
15N
ඪ४༹ӷʹ͸
15N ϥϕϧ͞Εͨ஠ૉԽ߹෺ʢNH4ClɺNaNO2ɺKNO3ɺάϦγϯɺ99.3 
15N   60 
atom%; Isotec Inc., OH, USAʣΛ༻͍ͨɻͦͷଞͷࢼༀ͸ W a k o  P u r e  C h e m i c a l  I n d u s t r i e s  
Ltd.ʢOsaka,  Japanʣ  ͷ੡඼Λ༻͍ͨɻ෼ੳʹ࢖༻ͨ͠ KClɺMgOɺK2SO4ʹ͸ෆ७෺
ͱͯ͠஠ૉؚ͕·Ε͍ͯΔͨΊʹɺ࢖༻લʹ 450°C  Ͱ 4 h r೤͢ΔࣄͰɺෆ७෺ͷ஠ૉ
Λشൃͤ͞ɺ݁Ռͱͯ͠ଌఆͷࡍͷ஠ૉϒϥϯΫΛܰݮͤͨ͞ɻ 
 ͜ΕΒͷඪ४༹ӷΛ༻͍ͯɺҎԼ 3.2.2-3.2.7 Λߦͬͨɻ 
 
3.2.2 diffusion ๏ʹΑΔ NH4
+ͷճऩʢFigure 3-2ɺDiffusion to collect NH4
+ʣ 
 2 M KCl ༹ӷதͷ NH4
+͸ diffusion ๏ʹΑͬͯճऩͨ͠ɻ खॱ͸ҎԼͷ௨ΓͰ͋Δɻ ʢ1ʣ
·ͣ NH3 ΨεΛτϥοϓ͢ΔͨΊͷςϑϩϯύοΫΛ࡞੒ͨ͠ɻ͜Ε͸ɺΨϥεϑΟ
ϧλʔ ʢGF/D, 1 cm diameter, muffled at 450°C for 4 hr; Whatman Int. Ltd., Maidstone, UKʣ
ʹ 2 M H2SO4Λ 20 "L ణԼ͠ɺͦΕΛΨεಁաੑͷςϑϩϯςʔϓʢ2.5 cm # 5-6 cm, 
#Z221880;  Sigma-AldrichʣͰแΜͩɻؾମͰ͋Δ NH3ͷΈ͕ςϑϩϯςʔϓΛಁա͠ɺ
ࢎੑͷΨϥεϑΟϧλʔʹΑͬͯ ( N H 4)2SO4 ͱͯ͠τϥοϓ͞ΕΔͱ͍͏࢓૊ΈͰ͋
Δɻ ʢ2ʣଓ ͍ ͯ ɺ10mL ͷ NH4
+ඪ४༹ӷΛߴີ౓ϙϦΤνϨϯϘτϧ ʢ60 ml, NL2114-0002, 
Nalgene; Thermo Fisher Scientific K.K., Yokohama, JapanʣʹೖΕɺͦ͜ʹςϑϩϯύοΫ
ΛՃ͑ɺMgO Λ 0.03 g Ճ͑ͨɻϘτϧ͸͙͢ʹ֖ΛີʹดΊͨɻMgO ΛՃ͑ΔࣄͰ༹
ӷ͸ΞϧΧϦ৚݅ԽʹͳΓɺ༹ӷதͷ NH4
+͸ NH3ͱͳΓشൃ͢Δɻ ʢ3ʣ͜ΕΛ 37ˆͰ
1 िؒΠϯΩϡϕʔτͨ͠ޙɺNH3Λτϥοϓͨ͠ςϑϩϯύοΫΛճऩͨ͠ɻ 
 
3.2.3 NH4
+ͷ NO3
–΁ͷաེࢎࢎԽʢFigure 3-2ɺPersulfate oxidation of NH4
+ to NO3
–ʣ  
 τϥοϓͨ͠ NH4
+Λɺաེࢎͱͷ൓ԠʹΑΓ NO3
–ʹ·ͰࢎԽͨ͠ɻखॱ͸ҎԼͷ௨
ΓͰ͋Δɻ ʢ1ʣ·ͣ NH4
+Λ NO3
–ʹ·ͰࢎԽ͢ΔͨΊʹաེࢎࢎԽ൓Ԡӷ
ʢPersulfate-oxidizing reagent: PORʣΛ ࡞ ੒ ͠ ͨ ɻPOR ͸ɺ ৠཹਫ 100 ml ʹରͯ͠ɺ NaOH
Λ 1.52gɺK2S2O8Λ 5 gɺϗ΢ࢎΛ 3g Ճ͑ͯ࡞੒͠ɺpH ࢼݧࢴͰ pH12 ఔ౓Ͱ͋ΔࣄΛ
֬ೝͨ͠ɻ ʢ2ʣ࣍ʹɺςϑϩϯύοΫதͷ NH4
+Λ༹ग़ͤͨ͞ɻ͢ͳΘͪɺςϑϩϯύ  61 
οΫΛચড়ͨ͠ϋαϛͰ։෧͠ɺ  ( N H 4)2SO4ͱͯ͠τϥοϓͨ͠ΨϥεϑΟϧλʔΛऔ
Γग़͠ɺ14 ml ͷͶ͡ޱΨϥεࢼݧ؅  ʢ71-063-006; Iwaki, AGC Techno Glass Co. Ltd., 
Chiba, JapanʣʹҠͨ͠ɻ ࢼݧ؅ʹ 2 ml ͷৠཹਫΛೖΕɺ   Ͷ͡ޱΩϟοϓ ʢ71-028-004; 
IwakiʣΛ͠Ίɺ10 ෼ఔ౓์ஔ͢Δ͜ͱͰɺNH4
+Λ༹ग़ͤͨ͞ɻ ʢ3ʣଓ͍ͯɺࢼݧ؅ʹ
2 ml ͷ POR Λࢼݧ؅ʹೖΕɺ ͙͢ʹͶ͡ޱΩϟοϓΛີʹ͠Ίͨɻ ͜ͷࢼݧ؅Λ 121°C
Ͱ 1 ࣌ؒɺΦʔτΫϨʔϒʹ͔͚Δ͜ͱͰɺNH4
+Λ͢΂ͯ NO3
–ʹࢎԽͨ͠ɻΦʔτΫ
Ϩʔϒऴྃޙɺ༹ӷͷ pH ͕ 6 ఔ౓ʹͳ͍ͬͯΔ͜ͱΛ֬ೝͨ͠ɻࢼݧ؅͸࣍ͷ෼ੳ·
Ͱ 4°C Ͱอଘͨ͠ɻ 
 
3.2.4 TDN ͷ NO3
–΁ͷաེࢎࢎԽʢFigure 3-2ɺPersulfate oxidation of TDN to NO3
–ʣ  
 શ༹ଘ஠ૉ ʢTDN = DON+ NH4
+ + NO2
–+ NO3
–ʣʹ ͭ ͍ ͯ ΋ ಉ ༷ ʹ ա ེ ࢎ ͱ ͷ ൓ Ԡ ʹ Α
ͬͯ NO3
–ʹ·ͰࢎԽͨ͠ɻ·ͣ 2M KCl ͓Αͼ 0.5M K2SO4༹ӷͰ࡞੒ͨ͠άϦγϯඪ
४༹ӷ 1 ml Λࢼݧ؅ʹೖΕɺPOR Λ 2 ml Ճ͑ͨɻͦͷޙͷ෼ੳ৚݅ͳΒͼʹߦఔ͸શ
ͯ NH4
+༹ӷͷ৔߹ͱಉ༷Ͱ͋Δɻ 
 
3.2.5 ୤஠ە๏ʹΑΔ NO3
–  ͷ N2O ΁ͷؐݩ 
ʢFigure 3-2ɺReduction of NO3
– to N2O by denitrifierʣ 
 NO3
–͓Αͼ NO3
–ʹࢎԽͨ͠ NH4
+ͱ TDN ΛͦΕͧΕ୤஠ە๏ʹΑͬͯ N2O ʹؐݩ͠
ͨɻ खॱ͸ҎԼͷ௨ΓͰ͋Δɻ ʢ1ʣ· ͣ ɺN2O ؐݩೳͷͳ͍୤஠ەɺ P. chlororaphis subsp. 
aureofaciens ATCC 13985
TΛ Casciotti et al.ʢ2002ʣʹ͕ͨͬͯ͠ഓཆͨ͠ɻ͢ͳΘͪ 120 
ml ͷΨϥεόΠΞϧ ʢ0501-09, vial No. 8, Maruemu Corp. Co. Ltd. Osaka, Japanʣʹ ഓ ཆ ӷ
100 ml ΛೖΕɺϒνϧΰϜખͱΞϧϛγʔϧͰີด͠ɺ121°C Ͱ 1 ࣌ؒΦʔτΫϨʔϒ
໓ەͨ͠ɻഓ ཆ ӷ ͷ ૊ ੒ ͸ Difco™ Tryptic Soy Broth ʢBecton Dickinson, NJ, USAʣ ɺ 10 mM 
KNO3ɺ7.5 mM NH4Clɺ36 mM KH2PO4Ͱ͋Δɻ͜ͷഓཆӷʹγϦϯδΛ༻͍ͯɺಉ͡
૊੒ͷഓ஍Ͱ 6-10 ೔ؒલഓཆͨ͠ P. aureofaciens ATCC 13985
TͷഓཆӷΛ 1mlఴՃͨ͠ɻ
6-10 ೔ʢഓཆӷதͷ NO3͕શͯ N2O ʹͳΓɺP. aureofaciens ATCC 13985
Tٌ͕ծঢ়ଶͱ  62 
ͳΔʣ26.5°C Ͱ੩ஔഓཆͨ͠ɻ ʢ2ʣഓཆޙɺNO2
–ͷੜ੒͕ͳ͍͜ͱΛൺ৭ݕఆʹΑΓ֬
ೝ͠ɺԕ৺ʢ9600 # gɺ10 minʣʹΑͬͯەମີ౓Λ 6 ഒʹೱॖͨ͠ɻ ʢ3ʣଓ͍ͯɺೱ
ॖͨ͠ഓཆӷΛ He Ͱύʔδ͠ɺ༹ଘ͍ͯ͠Δ N2O Λ׬શʹऔΓআ͍ͨɻ ʢ4ʣͦͷഓཆ
ӷ 2 mL Λ 20 mL  ͷΨϥεόΠΞϧ ʢAutosampler Vial, 20-CV; Chromacol, Welwyn Garden 
City, UKʣʹ෼஫ͨ͠ͷͪɺϒνϧΰϜખʢAnaerobic stopper, Kanda Co., Tokyo, Japanʣ
ͱΞϧϛΩϟοϓͰີดͨ͠ɻ͜ΕΛ͞Βʹ 30 ෼ؒ He Ͱ࠶౓ύʔδ͢ΔࣄͰɺόΠ
Ξϧதͷ O2ͱ N2O Λ͢΂ͯ He Ͱஔ׵ͨ͠ɻ ʢ5ʣ͜͜ʹɺNO3
–͓Αͼ NO3
–ʹࢎԽͨ͠
NH4
+ͱ TDN ͷඪ४༹ӷΛγϦϯδͰ 1 ml ఴՃͨ͠ɻ ఴՃྔ͸ఴՃલͱఴՃޙͷॏ͞ͷ
͔ࠩΒɺॏྔͰه࿥ͨ͠ɻ ʢ6ʣఴՃޙɺόΠΞϧ͸ΦʔόʔφΠτͰഓཆ͠ɺNO3
–Λશ
ͯ N2O ʹؐݩͨ͠ɻ ʢ7ʣഓཆޙɺ6 M NaOH Λ 0.3 mL γϦϯδͰఴՃ͠ɺࡴەͨ͠ɻ
͜ͷૢ࡞͸ࡴەʹΑͬͯ൓ԠΛఀࢭͤ͞Δͱಉ࣌ʹɺഓཆӷΛΞϧΧϦੑʹ͢ΔͨΊɺ
ؾ૬தͷ CO2 Λӷ૬ʹ༹ଘͤ͞Δɻ࠷ޙʹγϦίϯγʔϦϯάࡎʢKE-42-T; S h i n -Etsu 
Chemical Co. Ltd., Tokyo, JapanʣΛηϓλϜͷද໘ʹృΓɺN2O ͕όΠΞϧ͔Βൈ͚ͯ
ߦ͘ՄೳੑΛআ֎ͨ͠ɻ 
 
3.2.6   ΞβΠυ๏ʹΑΔ NO2
–  ͷ N2O ΁ͷؐݩ 
ʢFigure 3-2ɺReduction of NO2
– to N2O with azideʣ 
 ຊݚڀͰ͸ɺ͜Ε·Ͱͷ૯଎౓ଌఆ๏ʹ͓͍ͯ΄ͱΜͲର৅ͱ͞Εͯ͜ͳ͔ͬͨ
NO2
–ʹ͍ͭͯ΋ର৅ͱ͢ΔͨΊʹɺNO2
–ͷ
15N/
14N ͷ؆ศͳଌఆ๏ͷཱ֬Λ໨ࢦͨ͠ɻ 
 NO2
–͸ΞβΠυ๏ ʢMcIlvin and Altabet 2005ʣʹ Α ͬ ͯ N2O ʹؐݩͨ͠ɻ ͢ͳΘͪHNO2
ΛΞδԽਫૉʢHN3ʣͱͷ൓ԠʹΑΓԽֶతʹ N2O ʹؐݩͨ͠ɻHNO2ͱ HN3ͷ൓Ԡࣜ
͸ҎԼͷ௨ΓͰ͋Δɻ   
 
HNO2 + HN3  ˠ N 2O + H2O + N2 -- (eq. 3.3) 
 
ͳ͓ɺ͜ͷ൓ԠʹΑΓੜ੒͢Δ N2O ͷ 2 ෼ࢠͷ N ʹ͏ͪɺҰ෼ࢠ͸ NO2
–ͷ N ʹɺ΋͏  63 
Ұ෼ࢠͷ N ͸ HN3ͷ N ʹ༝དྷ͢Δɻ·ͨ N2O ͷߏ଄ࣜ͸ N-N-O Ͱ͋ΓɺҰ൪໨ͷ N
͸ NO2
–ͷ N ʹɺ ̎൪໨ͷN ͸ HN3ͷҰ෼ࢠͷN ʹ༝དྷ͢Δɻ ͦΕΛ൓ԠࣜͰ࣍ʹࣔ͢ɻ 
 
HN
aO2 + HN
b
3  ˠ N
b-N
a-O + H2O + N
b
2 -- (eq. 3.4) 
 
 खॱ͸ҎԼͷ௨ΓͰ͋Δɻ ʢ1ʣ·ͣΞδԽφτϦ΢ϜʢNaN3ʣΛࢎੑ৚݅Լʹ͓͖ɺ
HN3༹ӷΛ࡞੒ͨ͠ɻ͢ͳΘͪɺ20 ml ͷόΠΞϧʹ 2 M NaN3༹ӷΛ 5 ml Ճ͑ɺϒν
ϧΰϜખͱΞϧϛγʔϧͰີดͨ͠ɻͦͷόΠΞϧΛυϥϑτ಺ʹҠ͠ɺ୹͍χʔυϧ
Λؾ૬ʹࢗ͠ɺ20%  ਣࢎ༹ӷ 5   m lΛγϦϯδͰόΠΞϧʹఴՃͨ͠ɻଓ͍ͯΞβΠυ
ʗਣࢎόοϑΝʔ༹ӷΛ He Ͱ 30 ෼Ҏ্ύʔδͯ͠ɺ༹ӷதͷ N2O Λ୹͍χʔυϧΛ
௨ͯ͠আڈͨ͠ɻ ʢ2ʣଓ͍ͯɺHNO2  ͱ HN3ͱͷ൓ԠʹΑΓ N2O Λੜ੒ͤͨ͞ɻ͢ͳ
ΘͪɺNO2
–ͷඪ४༹ӷ 5mL Λ 10ml ͷόΠΞϧʹՃ͑ɺϒνϧΰϜખͱΞϧϛγʔϧͰ
ີด͠ɺυϥϑτ಺ʹҠͨ͠ɻͦ͜ʹύʔδͨ͠ΞβΠυʗਣࢎόοϑΝʔ༹ӷΛ 0.3 
mlɺγϦϯδͰఴՃͨ͠ʢMcIlvin and Altabet 2005ʣɻ ό Π Ξ ϧ Λ ਺ ඵ Ժ ΍ ͔ ʹ ৼ Γ ɺ 30
෼ؒυϥϑτ಺ʹ੩ஔ͠ɺ NO2
–  Λ͢΂ͯ N2O ʹؐݩͨ͠ɻ ʢ3ʣ࠷ ޙ ʹ 6 M NaOH Λ 0.3 
ml Ճ͑ɺ൓ԠΛఀࢭͤͨ͞ɻ 
 HN3͸ಟੑͷΨεͰ΋͋ΔͷͰɺશͯͷૢ࡞͸υϥϑτ಺Ͱߦͬͨɻ 
 
3.2.7 GCMS ʹΑΔ N2O  ͷೱ౓ͱ
15N atom%ͷଌఆ 
ʢFigure 3-2ɺN2O concentration and its 
15N atom% measurement by GC/MSʣ 
 NH4
+ɺNO3
-ɺTDNɺNO2
-͔ΒͦΕͧΕੜ੒ͨ͠ N2O ͷೱ౓͓Αͼ
15N/
14N Λɺୈ 2 ষ
Ͱࣔͨ͠ GC/MS γεςϜΛ༻͍ͯଌఆͨ͠ɻ GC/MS ͷݕग़ثిѹ͸ 1.2 kV ʹઃఆ͠ɺ
ͦͷଞͷ෼ੳ৚݅͸ୈ 2 ষʹهࡌͨ͠৚݅Λ༻͍ͨɻଌఆ͸ɺόΠΞϧͷϔουεϖʔ
ε͔Β 250 "L ΛΨελΠτγϦϯδʢSeries A-2, VICI; Valco InstrumentsʣͰ࠾औ͠ɺ50 
"L  ͷαϯϓϧϧʔϓΛ௨ͯ͠ɺGC/MS ΁ಋೖͨ͠ɻ 
 ຊ࣮ݧͰݕग़͞ΕΔ N2O ͷओͳ෼ࢠྔ͸࣍ͷ௨ΓͰ͋Δɻ m/z 44 ʢ
14N-
14N-
16Oʣɺm/z 45  64 
ʢ
15N-
14N-
16Oɺ
14N-
15N-
16Oʣɺ m/z 46ʢ
15N-
15N-
16Oɺ
14N-
14N-
18OʣͱɺͦΕΒ͕ϑϥάϝϯ
ςʔγϣϯΛड͚ͨ m/z 30ʢ
14N-
16Oʣɺ m/z 31ʢ
15N-
16Oʣɻ ͦ ͜ Ͱ ɺ m/z 44ɺ45ɺ46 ͷଘ
ࡏൺ͔ΒɺͦΕͧΕͷ஠ૉԽ߹෺ͷ
15N atom%Λ Stevens et al.ʢ1993, 1997ʣͷࣜΛ༻͍
ͯࢉग़ͨ͠ɻ 
 
 15N atom% in N2O = 100 # (
45R + 2 # 
46R ! 
17R - 2 # 
18R) / (2 + 2 # 
45R + 2 # 
46R) -- (eq. 3.5) 
 
45R: m/z 45 ͷϐʔΫΤϦΞ /   m / z   4 4ͷϐʔΫΤϦΞ 
46R: m/z 46 ͷϐʔΫΤϦΞ /   m / z   4 4ͷϐʔΫΤϦΞ 
17R: 
17O/
16O  ʢ= 379.9 # 10
-6, Li et al., 1998ʣ 
18R: 
18O/
16Oʢ= 2005.2 # 10
-6, Baertschi 1976ʣ 
 
 
3.3 ݁Ռ 
3.3.1 N2O ͷ෼཭ͱݕग़ 
 Figure 3-3ʹຊݚڀͷGC/MSγεςϜͰಘΒΕͨయܕతͳ2ͭͷΫϩϚτάϥϜΛࣔ
͢ɻFigure 3-3 ͷʢaʣɺʢ bʣ͸ 0ɺ100ɺ200ɺ500ɺ1000 "M-N ͷ NO3
–ʢ0.37 
15N atom%ʣ
Λ N2O ʹؐݩ͠ɺ෼ੳ͠ɺಘΒΕͨΫϩϚτάϥϜͰ͋Δɻ ʢaʣ͸ m/z 44ʢ
14N-
14N-
16Oʣ
Λɺ ʢbʣ͸ m/z 30ʢ
14N-
16Oɺ
14N-
14N-
16O ͷϑϥάϝϯτΠΦϯʣΛϞχλϦϯάͨ݁͠
ՌͰ͋ΔɻFigure 3-3 ͷʢcʣɺʢ dʣɺʢ eʣ͸ 0.37ɺ10.3ɺ20.2ɺ49.8ɺ99.3 
15N atom%ͷ NO3
–
ʢ100 "M-NʣΛ N2O ʹؐݩ͠ɺ෼ੳ͠ಘΒΕͨΫϩϚτάϥϜͰ͋Δɻ ʢcʣ͸ m/z 44
ʢ
14N-
14N-
16Oʣɺ ʢ bʣ͸ m/z 45 ʢ
15N-
14N-
16Oɺ
14N-
15N-
16Oʣɺ ʢ cʣ m/z 46 ʢ
15N-
15N-
16Oɺ
14N-
14N-
18Oʣ
ΛϞχλϦϯάͨ݁͠ՌͰ͋ΔɻFigure 3-4 ʹ Fig. 3-3ʢcʣʵʢeʣͷ 20.2 
15N atom%ͷϐ
ʔΫͷ֦େਤΛࣔ͢ɻ 
 N2Oʢ
14N-
14N-
16Oʣͱ CO2ʢ
16O-
12C-
16Oʣ͸ಉ͡෼ࢠྔʢMW = 44ʣΛ΋ͭɻ͔͠͠ɺ  65 
ୈ 2 ষͰࣔͨ͠௨Γɺ ຊݚڀͷ GC/MS ෼ੳγεςϜʹ͓͍ͯ͸ CO2ͱ N2O ͸ΨεΫϩ
ϚτάϥϑʹΑͬͯ׬શʹ෼཭͞Ε͓ͯΓɺ N2O ͸୯ಠϐʔΫͱͯ͠ݕग़͞ΕΔɻ Figure 
3-4 ʹ͓͍ͯ΋ɺCO2ͱ N2O ͸׬શʹ෼཭͞Ε͍ͯΔɻ·ͨ Figure 3-4 ʹ͓͍ͯ CO2ͷ
ϐʔΫ͕ N2O ͷϐʔΫʹൺ΂ͯ͸Δ͔ʹখ͍͞ͷ͸ɺ୤஠ە๏ʹ͓͍ͯɺ࠷ऴతʹ
NaOH ΛఴՃ͠ʢ3.2.5ʣɺ ؾ ૬ ͷ CO2Λ༹ଘͤͨ͜͞ͱʹΑΔɻ 
 ຊݚڀͰ͸ɺଌఆͷଥ౰ੑΛνΣοΫ͢ΔͨΊʹ΋ɺm/z  44ɺ45ɺ46 ͚ͩͰͳ͘ɺ
m/z 30ɺ31 ΋ಉ࣌ʹϞχλϦϯάͨ͠ɻm/z 30ɺ31 ͷϞχλϦϯάͰ͸ N2O ͷओͳϑ
ϥάϝϯτΠΦϯ NO
+ʢ
14N-
16Oɺ
15N-
16Oʣ͸ݕग़͞ΕΔ͕ɺCO2ͷओͳϑϥάϝϯτΠ
Φϯ CO
+ʢ
12C-
16Oɺm/z 28ʣ͸ݕग़͞Εͳ͍ɻ 
 
3.3.2 2 M KCl
 ༹ӷதͷ NO3
–ɺTDNɺNH4
+ͷೱ౓͓Αͼ
15N ෼ੳ 
 Figure 3-5 ͷʢaʣ-ʢcʣʹ 2 M KCl  ༹ӷதͷ NO3
-ɺTDNɺNH4
+ͷͦΕͧΕͷೱ౓ͱ
ϐʔΫΤϦΞͷؔ܎ʢೱ౓ͷඪ४ۂઢʣΛࣔ͢ɻN2O ͷϐʔΫΤϦΞ͸෼ࢠΠΦϯ
ʢN-N-Oʣͷ m/z 44+45+46 ͱϑϥάϝϯτΠΦϯʢN-Oʣͷ m/z 30+31 ͔Β࡞੒ͨ͠ɻ
ͦͷ݁ՌɺFigure 3-5 ͷʢaʣͱʢbʣʹ͓͍ͯɺNO3
–ͱ TDN ʹ͍ͭͯɺೱ౓ 0-1000 "M
ͱϐʔΫΤϦΞʢm/z 44+45+46 ͓Αͼ m/z 30+31ʣͱͷؒͰྑ͍௚ઢੑ͕ಘΒΕͨʢR
2 
> 0.999ʣɻFigure 3-5 ͷʢ cʣʹ ͓ ͍ ͯ ɺNH4
+ʹ͍ͭͯɺ ೱ౓ 0-100 "M ͱϐʔΫΤϦΞ ʢm/z 
44+45+46 ͓Αͼ m/z 30+31ʣͷؒͰྑ͍௚ઢੑ͕ಘΒΕͨʢR
2 > 0.999ʣɻ  
 Figure 3-5 ͷʢdʣ-ʢfʣʹ 2 M KCl  ༹ӷதͷ NO3
–ɺTDNɺNH4
+ͷͦΕͧΕͷ࣮ࡍͷ
15N atom%ͱϐʔΫΤϦΞ͔Βࢉग़ͨ͠
15N atom%ͷؔ܎ʢ
15N atom%ͷඪ४ۂઢʣΛࣔ
͢ɻϐʔΫΤϦΞ͔Βͷ
15N  atom%ͷࢉग़͸ɺಘΒΕͨ N2O ϐʔΫͷ m/z  44ɺ45ɺ46
ͷΤϦΞ஋͔Β eq. 3.5 Λ΋ͱʹࢉग़ͨ͠ɻ ͦͷ݁Ռɺ Figure 3-5 ͷʢ dʣ-ʢfʣʹ ͓ ͍ ͯ ɺ
NO3
–ɺTDNɺNH4
+ʹ͍ͭͯɺ0.37–99.3 
15N atom%ͷϨϯδͰɺ࣮ࡍͷ
15N atom%ͱϐʔ
ΫΤϦΞ͔Βࢉग़ͨ͠
15N atom%ͷؒͰྑ͍௚ઢੑ͕ಘΒΕͨʢR
2 > 0.999ʣɻ  
 Figure 3-5 ͷʢfʣͷࠩ͠ࠐΈਤʹɺ0.37ɺ0.46ɺ1.05ɺ2.54ɺ5.07ɺ9.26 
15N atom%ͷ NH4
+  66 
Ͱ࡞੒ͨ͠ඪ४༹ӷΛ༻͍ͯ࡞੒ͨ͠
15N atom%ͷඪ४ۂઢΛࣔ͢ɻ NH4
+͸ NO3
–΍ TDN
ʹൺ΂ͯɺͦͷ
15N/
14N Λਫ਼֬ʹఆྔ͢Δͷ͕ࠔ೉Ͱ͋ΔɻNH4
+͸ɺN2O ʹม׵͢Δ·
ͰʹɺNO3
–΍ TDN ͱൺ΂ͯ diffusion ͳͲɺΑΓଟ͘ͷલॲཧΛඞཁͱ͢ΔͷͰɺಛʹ
ͦͷ
15N atom%͕খ͍͞ͱ͖ʹ͸೉͍͠͸ͣͰ͋ΔɻͦΕʹ΋͔͔ΘΒͣɺNH4
+ͷඪ४
ۂઢ͸௿͍
15N  atom%ʢ0.37  - 9 . 2 6 ʣͷϨϯδʹ͓͍ͯ΋ྑ͍௚ઢੑ͕ಘΒΕͨʢR
2 >  
0.999ʣɻ  
 
3.3.3 0.5 M K2SO4༹ӷதͷ TDN ͷೱ౓͓Αͼ
15N ෼ੳ 
 Figure 3-6 ͷʢaʣʹ 0.5 M K2SO4༹ӷதͷ TDN ͷೱ౓ͱϐʔΫΤϦΞͷؔ܎ʢೱ౓ͷ
ඪ४ۂઢʣΛࣔ͢ɻೱ౓ 0-1000 "M ͱϐʔΫΤϦΞʢm/z 44+45+46 ͓Αͼ m/z 30+31ʣ
ͷؒͰྑ͍௚ઢੑ͕ಘΒΕͨ ʢR
2 > 0.999ʣɻଓ ͍ ͯ ɺFigure 3-5 ͷʢ bʣ - ʢfʣʹ 0.5 M K2SO4
༹ӷதͷ TDN ͷ࣮ࡍͷ
15N  atom%ͱϐʔΫΤϦΞ͔Βࢉग़ͨ͠
15N  atom%ͷؔ܎ʢ
15N 
atom%ͷඪ४ۂઢʣΛࣔ͢ɻ0.37-99.3 
15N atom%ͷϨϯδͰɺ࣮ࡍͷ
15N atom%ͱϐʔΫ
ΤϦΞ͔Βࢉग़ͨ͠
15N atom%ͷؒͰྑ͍௚ઢੑ͕ಘΒΕͨʢR
2 > 0.999ʣɻ  
 
3.3.4 2 M KCl
 ༹ӷதͷ NO2
–ͷ
15N ෼ੳ 
 Figure 3-7 ʹ 2 M KCl  ༹ӷதͷ NO2
–ͷ࣮ࡍͷ
15N atom%ͱϐʔΫΤϦΞ͔Βࢉग़ͨ͠
15N atom%ͷؔ܎ʢ
15N atom%ͷඪ४ۂઢʣΛࣔ͢ɻϐʔΫΤϦΞ͔Βͷ
15N atom%ͷࢉ
ग़͸ɺಘΒΕͨ N2O ϐʔΫͷ m/z 44ɺ45ɺ46 ͷΤϦΞ஋͔Β eq. 3.5 ͷࣜΛ΋ͱʹࢉग़
ͨ͠ɻͦͷ݁Ռɺ0.37-99.3 
15N atom%ͷϨϯδͰɺ࣮ࡍͷ
15N atom%ͱϐʔΫΤϦΞ͔
Βࢉग़ͨ͠
15N atom%ͷؒͰྑ͍௚ઢੑ͕ಘΒΕͨʢR
2 > 0.999ʣɻ HNO2ͱ HN3ͱͷ൓
ԠͰੜ੒͢Δ N2O ͷ 2 ෼ࢠͷ N ʹ͏ͪɺҰ෼ࢠ͸ HNO2ͷ N ʹɺ΋͏Ұ෼ࢠͷ N ͸
HN3ͷ N ʹ༝དྷ͢ΔͨΊʢeq. 3.4ʣɺ ճ ؼ ௚ ઢ ͷ ܏ ͖ ͸ 0.5 ʹۙ͘ͳͬͨʢ0.475ʣɻ  
 
3.4 ߟ࡯   67 
 ຊݚڀ͸ɺNH4
+ɺNO2
–ɺNO3
–ɺTDN ΛͦΕͧΕɺಉҐମൺͱͯ͠ 0.37 
15N atom%͔Β
99.3 
15N atom%ͷϨϯδͰɺೱ౓ͱͯ͠ 0 - 1000 "Mʢ0 - 100 "M-NH4
+ʣͷϨϯδͰଌఆ
͕Մೳ͔Ͳ͏͔Λɺඪ४༹ӷΛ༻͍ͯݕ౼ͨ͠ɻͦͷ݁Ռɺ͢΂ͯͷ஠ૉԽ߹෺ͷ
15N 
atom%ͷඪ४ۂઢɺ·ͨೱ౓ͷඪ४ۂઢʹ͓͍ͯྑ͍௚ઢੑʢR
2 > 0.999ʣ͕ಘΒΕͨɻ
͢ͳΘͪຊݚڀͷ෼ੳߦఔʹΑͬͯɺ2M  KCl தͷ NH4
+ɺNO2
–ɺNO3
–ɺTDN ͷಉҐମ
ൺͱೱ౓͕Ұ౓ʹଌఆͰ͖ΔΑ͏ʹͳͬͨɻ ૯଎౓ଌఆͷࡍʹݟΒΕΔ౔৕நग़ӷதͷ
஠ૉԽ߹෺ͷೱ౓͓Αͼ
15N/
14N ͸ɺ΄ͱΜͲͷ৔߹ɺຊݚڀͰͷଌఆϨϯδʢ0 - 1000 
"M-Nʢ0 - 100 "M-NH4
+ʣ͓Αͼ 0.37 - 99.3 
15N atom%ʣʹؚ·ΕΔɻ 
 ·ͣຊݚڀͰ͸ɺ ैདྷɺ 0.366 
15N atom%ఔ౓Λத৺ʹɺ ඍྔͷ
15N ͷมಈ ʢྫ͑͹ 0.363 
15N atom%ͱ 0.372 
15N atom%ͷࠩʣΛଌఆ͢ΔͨΊʹ։ൃ͞Εͨ୤஠ە๏΍ΞβΠυ๏
Λɺ૯଎౓ଌఆͷͨΊʹɺ0.37 
15N atom%͔Β 99.3 
15N atom%ͷϨϯδͰͷ
15N ղੳ๏ʹ
ద༻ͨ͠ɻͦΕʹΑΓɺdiffusion ๏ͱ EA-IRMS Λ༻͍ͨߦఔʢFigure 3-1ʣͰݟΒΕΔ
໰୊఺ ʢAʣ - ʢCʣʢ લ ड़ : 3.1ʣΛ Ҏ Լ ͷ Α ͏ ʹ ղ ܾ Ͱ ͖ ͨ ɻ͢ ͳ Θ ͪ ɺ ʢ Aʣ NH4
+Λ diffusion
๏ʹΑͬͯճऩ͢Δͱ͍͏ߦఔΛܦͣͯ͠ɺNO3
–ͷ
15N/
14N Λଌఆ͢Δ͜ͱ͕Մೳͱͳ
ͬͨɻ·ͨɺ ʢBʣNO3
–͓Αͼ TDN ͷଌఆͷࡍɺσόϧλ߹ۚʹΑΔ NH4
+΁ͷؐݩͱ
diffusion ๏ʹΑΔճऩͱ͍͏ϓϩηεΛܦͣͯ͠ɺ Ұ౓ʹ N2O ʹؐݩͰ͖ΔͷͰɺ ߦఔ
͕୹ॖ͞ΕΔͱಉ࣌ʹɺैདྷͷํ๏ͰΈΒΕΔߴ͍஠ૉϒϥϯΫ͸ݟΒΕͳ͔ͬͨɻ͞
Βʹɺ ʢCʣ࠷ऴతʹେؾதͷ 78%Λ઎ΊΔ N2Ͱ͸ͳ͘ɺ310  ppb ఔ౓͔͠ଘࡏ͍ͯ͠
ͳ͍ N2O ʹม׵ͯ͠ଌఆ͢ΔͨΊɺେؾͷࠞೖʹΑΔଌఆਫ਼౓ͷ௿ԼͷϦεΫ͸ஶ͠
ܰ͘ݮ͞Εͨɻ 
 ଓ͍ͯɺୈ 2 ষͰࣔͨ͠ GC/MS γεςϜΛ༻͍ͨ͜ͱʹΑͬͯɺIRMS ͰݟΒΕͨ
෼ੳߦఔ্ͷ໰୊఺ʢDʣʢ લ ड़ : 3.1ʣʹ͍ͭͯ΋ҎԼͷΑ͏ʹղܾͰ͖ͨɻ͢ͳΘͪɺ
ʢDʣ0.37 
15N atom%͔Β 99.3 
15N atom%ͷϨϯδͰͷ
15N ղੳ͕Մೳͳ͜ͱ͔Βɺநग़
ӷதͷ
15N/
14N Λ૷ஔͷଌఆՄೳͳϨϕϧʹ߹ΘͤΔΑ͏ʹرऍ͢Δඞཁ͕ͳ͍ɻͦΕ
ʹΑΓɺ෼ੳ࡞ۀ͕൥ࡶʹͳΔ͜ͱͳ͘ɺਫ਼֬ͳଌఆ͕ՄೳͰ͋ΔɻGC/MS γεςϜ  68 
Λ༻͍Δར఺͸ɺଞʹ΋͋Δɻ ʢ1ʣ-ʢ3ʣʹࣔ͢ɻ 
ʢ̍ʣGC/MS ͸ IRMS ʹൺ΂ͯɺ͸Δ͔ʹ҆ՁͰ͋Γɺඍੜ෺ͷ୅ँղੳʹ޿͘࢖༻
͞Ε͍ͯΔʢୈ 2 ষʣ ɻͦͷͨΊɺඍੜ෺Λࡐྉͱͯ͠ੜଶֶతɾੜཧֶతݚڀΛ
ߦ͏ଟ͘ͷݚڀࣨʹ͓͍ͯ࢖༻Մೳͳ෼ੳ૷ஔͰ͋Δɻ 
ʢ̎ʣ෼ੳͷલॲཧʹԽֶτϥοϓʢchemical  trapsʣ΍ΫϥΠΦϑΥʔΧεϢχοτ
ʢcryofocusing unitsʣͳ Ͳ ͷ Ψ εೱॖͷͨΊͷલॲཧΛඞཁͱ͠ͳ͍ϔουεϖʔ
ε๏Ͱ͋ΔͨΊʹɺଌఆ͕֨ஈʹγϯϓϧͰ͋Δɻ 
ʢ̏ʣIRMS Ͱ͸௨ৗɺೱ౓͸ଌఆͰ͖ͳ͍͕ɺGCMS Ͱ͸ Figure 3-5ʢaʣ-ʢcʣ͓Αͼ
Figure 3-6ʢaʣͰࣔͨ͠Α͏ʹɺ
15N/
14N  ͱಉ࣌ʹೱ౓΋ଌఆͰ͖Δɻ 
 ͢ͳΘͪɺGC/MS γεςϜΛ༻͍ͨ͜ͱʹΑͬͯɺ౔৕தͷ஠ૉϑϩʔͷ૯଎౓͸
͜Ε·Ͱʹͳ͍΄Ͳʹ؆ศʹଌఆͰ͖ΔΑ͏ʹͳͬͨɻ͜Ε͸ɺඍੜ෺ͷੜଶֶ΍ੜཧ
ֶΛݚڀର৅ͱ͢ΔΑ͏ͳݚڀऀʹ͓͍ͯ΋ॆ෼ʹ࣮ߦՄೳͳख๏Ͱ͋Δɻ 
 ຊݚڀͰ͸ɺ ্ड़ͷ GC/MS ෼ੳγεςϜʹΑͬͯ 6 αϯϓϧͷ෼ੳΛ 12 ෼Ͱߦ͏͜
ͱ͕Ͱ͖ͨɻ͢ͳΘͪɺҰ೔ʹ 100 αϯϓϧҎ্ͷଌఆ͕ՄೳͰ͋Δɻ·ͨɺ֤஠ૉԽ
߹෺ͷ
15N ଌఆΛ 1-10 ml ͷநग़ӷΛ༻͍ͯɺղੳ͢Δ͜ͱ͕Ͱ͖Δɻ͜Ε͸ଟ͘ͷ஠
ૉྔʢe.g.  60  "g-Nʣ ɺ͢ͳΘͪଟ͘ͷ౔৕நग़ӷΛඞཁͱͨ͠ैདྷͷ෼ੳख๏ʢFigure 
3-1ʣͷ 1/10-1/100 ഒͷྔͰ͋Δɻ͜ͷΑ͏ʹগྔͷநग़ӷΛࢼྉͱͯ͠ɺଟ͘ͷଌఆ
͕Մೳʹͳͬͨ͜ͱ͸ɺ ଟ਺ͷαϯϓϧΛ෼ੳ͠ͳ͚Ε͹ͳΒͳ͍౔৕Λର৅ͱ͢Δݚ
ڀʹͱͬͯ͸ඇৗʹॏཁͳར఺Ͱ͋Δɻ 
 IRMS Calculate 14,15N-DIN/DON 
Persulfate oxidation 
of TDN to NO3
-
DON 
(TDN)
Combustion to N2 
NO3
- NH4
+
Diffusion to collect NH4
+
Reduction to NH4
+ 
with Devardaʼs alley 
Combustion to N2 
Reduction to NH4
+ 
with Devardaʼs alley 
Diffusion to 
collect NH4
+
Figure 3-1. Flowchart showing most popular analytical procedures to data for 
different N forms. 
modiﬁed 
GC/MS Calculate 14,15N-DIN/DON 
Persulfate oxidation 
of TDN to NO3
-
DON 
(TDN)
Reduction to N2O 
by denitriﬁer 
NO3
- NO2
-
Reduction to N2O 
with azide 
NH4
+
Diffusion to 
collect NH4
+
Persulfate oxidation 
of NH4
+ to NO3
-
Reduction to N2O 
by denitriﬁer 
Reduction to N2O 
by denitriﬁer 
Figure 3-2. Flowchart showing analytical procedures for different N forms in this study.  
Figure  3-3. Typical  chromatograms  of  our  analytical  method. The  upper  two  graphs 
show the chromatograms with constant 0.37 15N atom% with different concentrations (0, 
100, 200, 500, and 1000 μM) scanning m/z 44 (A) and m/z 30 (B). The lower three 
graphs show the chromatograms with constant 100 μM with different 15N atom% (0.37, 
10.3, 20.2, 49.8, and 99.3 15N atom%) scanning m/z 44 (C), m/z 45 (D) and m/z 46 (E).  
Figure 3-4. Closeup of the chromatogram (20.2 15N atom% in Figs. 3-3C-3E). 
The tiny peak at the analytical time of ca. 5.4 min was CO2 with no signal of 
m/z 30 or 31. This CO2 peak is caused by air contamination and CO2 in the 
vial that is not trapped by NaOH. Although it is quite difﬁcult to eliminate this 
CO2, good separation of CO2 from N2O (at 5.5 min) was established using 
our analytical procedures  
Figure 3-5. Calibration curves between concentrations and peak area (m/z 
44+45+46  or  30+31; A,  B,  C)  with  15N  atom%  of  0.37%,  and  between 
calculated and true 15N atom% (D, E, F with concentration of 100 μM) for 
different N forms (A and D for NO3
-, B and E for TDN and C and F for 
NH4
+) dissolved in 2 M KCl. Regression curves for concentration (A, B and 
C) with peak area of m/z 44+45+46 (open square) and m/z 30+31 (solid 
circle)  each  produced  sufﬁcient  quality  (R2  >  0.999  in  all  cases).  We 
checked  15N analysis with low  15N contents (< 10  15N atom%) for NH4
+ 
(inset in F) using the most complicated procedure (Fig. 3-2). Our analytical 
procedures showed a good relation between measured and true 15N atom
% (inset in F).  
Figure 3-6. Calibration curves between concentrations and the peak area 
(m/z 44+45+46) with 15N atom% of 0.37%, and between the calculated and 
true 15N atom% with concentration of 100 μM for TDN in 0.5 M K2SO4. To 
produce the N2O to measure, 1 mL out of 10 mL of the persulfate-oxidized 
solution (mixture of 2 mL POR plus 8 mL of standard solution) was fed to 
the denitriﬁer. Regression curves for concentration (A) with peak area of m/
z  44+45+46  (open  squares)  and  m/z  30+31  (solid  circles)  produced 
sufﬁcient quality (R2 > 0.999). For 15N contents (B), high correlation (R2 > 
0.999) conﬁrmed the applicability of our analytical procedures. 
Figure 3-7. Calibration curve for  15N content for NO2
- in 2 M KCl with the 
constant  concentration  of  100  μM:  1  mL  of  the  solution  was  reacted  with 
azide buffer in a 10 mL headspace vial. The azide method incorporates one 
N atom from azide and one atom from NO2
-, resulting in the low slope of the 
regression line (0.475). 
  76 
ୈ 4 ষ ߴ஠ૉෛՙ؀ڥʹ͋Δதࠃѥ೤ଳྛ౔৕ʹ͓͚Δ஠ૉ
ϑϩʔͷղੳ 
 
4.1 ॹݴ 
 ͜ͷষͰ͸ɺୈ 3 ষͰཱ֬ͨ͠ख๏Λ༻͍ͯɺ஠ૉϑϩʔͷ૯଎౓Λࢉग़͠ɺௐࠪ஍
Ͱ͋Δ DHSBRʢୈ̍ষɺηΫγϣϯ 1.6ʣͷ޿༿थྛɺদྛɺࠞ߹ྛͷίϯτϩʔϧ۠
ʹ͓͚Δ஠ૉϑϩʔͷಛ௃Λ໌Β͔ʹ͢Δ͜ͱΛ໨తͱͨ͠ɻ ͜ΕΒ 3 ͭͷ৿ྛ͸ಉఔ
౓ͷྔͷແػଶ஠ૉ͕େؾ͔Βྲྀೖ͍ͯ͠Δ ʢ32-34 kg N ha
-1 yr
-1 of NH4
+ + NO3
–ʣʢ Table 
1-2ʣɻ ͠ ͔ ͠ ɺ ஠ ૉ ͷ ྲྀ ग़ ྔ ͸ େ ͖ ͘ ҟ ͳ Δ ʢ Table 1-2ʣɻ ಛ ʹ ޿ ༿ थ ྛ ͔ Β ͸ ɺ ද ૚ 0 
cm ͔Β 20 cm ͷ౔৕ʹ͓͍ͯɺদྛͱࠞ߹ྛʹൺ΂ͯଟྔͷ NO3
–͕ྲྀग़͍ͯ͠Δʢ޿
༿थྛɿ42-48 kg-N/ha/yrɺদྛ͓Αͼࠞ߹ྛɿ14-20 kg-N/ha/yrʢTable 1-2ʣʣɻ͕ͨͬ͠
ͯɺ޿༿थྛͰ͸ɺদྛ΍ࠞ߹ྛʹൺ΂ͯɺ౔৕தͷ NO3
–ੜ੒ʢ঳Խʣ଎౓͕ߴ͍ͱ
ਪଌ͞ΕΔɻ͔͠͠ɺ͜ΕΒ 3 ͭͷ৿ྛͷ஠ૉϑϩʔͷ଎౓͸໌Β͔ʹͳ͍ͬͯͳ͍ɻ
ͦ͜Ͱɺ͜ͷষʹهड़͢ΔݚڀͰ͸ɺ͜ΕΒ 3 ͭͷ৿ྛͦΕͧΕͷ஠ૉϑϩʔͷ଎౓Λ
ࢉग़͠ɺ্هͷਪଌͷଥ౰ੑΛݕূͨ͠ɻ·ͨͦΕΒͷ஠ૉϑϩʔͷ৘ใ͔Β 3 ͭͷ৿
ྛͷ஠ૉ๞࿨ఔ౓Λߟ࡯ͨ͠ɻ 
 
 ຊݚڀͰ͸஠ૉϑϩʔͷଌఆʹ
15N ಉҐମرऍ๏Λ༻͍ͨɻ঳ԽΛྫʹͱΔͱɺ૯঳
Խ଎౓͸
15NO3
–Λ౔৕ʹՃ͑ͨޙͷɺNO3
–ͷೱ౓ʢ
14N + 
15NʣͷมԽ଎౓͓Αͼ NO3
–
ͷ஠ૉ҆ఆಉҐମൺʢ
15N/
14Nʣͷlرऍz଎౓͔Βࢉग़͢Δ͜ͱ͕Ͱ͖Δɻݪཧ͸࣍ͷ
௨ΓͰ͋ΔɻNO3
–ͷ
15N/
14N ͸ɺ঳Խʢ
14NH4
+͔Βͷ
14NO3
–ͷੜ੒ʣʹΑͬͯ
14NO3
–ͷΈ
͕ੜ੒͞ΕΔͨΊʹرऍ͞ΕΔʢ
15N/
14N ͷ஋͕খ͘͞ͳΔʣ ɻҰํɺඍੜ෺ʹΑΔಉԽ
΍୤஠ͳͲͷফඅϓϩηεʹΑͬͯɺNO3
–ͷೱ౓͸มԽ͢Δ͕ɺ
15N/
14N ͸มԽ͠ͳ͍
ʢͦͷ࣌఺ʹ͓͚Δ
15N/
14N Λ΋ͭ NO3
–͕ফඅ͞ΕΔͨΊ
15N/
14N ͷ஋͸มԽ͠ͳ͍ʣ ɻ  77 
͢ͳΘͪɺੜ੒ϓϩηεͷΈ͕ NO3
rͷ
15N/
14N ΛมԽͤ͞ΔͨΊʹɺNO3
–ੜ੒ͷ૯଎౓
ͱͦΕʹଓ͘ NO3
–ফඅͷ૯଎౓ΛͦΕͧΕ෼͚ͯࢉग़͢Δ͜ͱ͕ग़དྷΔɻͦΕΛ਺ࣜ
Ͱද͢ͱʢeq.4.1 - 4.2ʣͷΑ͏ʹͳΔɻ
14N ͱ
15N ͸͋Δ࣌ؒͷ
15NO3
–ͱ
14NO3
rͷೱ౓Ͱ
͋Δɻ 
 
   -- (eq. 4.1) 
          -- (eq. 4.2) 
 
͜ͷΑ͏ʹɺ
15NO3
rΛ౔৕ʹՃ͑ɺ
15NO3
–ͱ
14NO3
–ͷೱ౓มԽ͔Βɺ૯঳Խ଎౓͓Αͼ
૯ NO3
–ফඅ଎౓Λࢉग़͢Δ͜ͱ͕Ͱ͖Δɻ૯ແػԽ଎౓ʹ͍ͭͯ΋ಉ༷Ͱ͋Δɻ
15NH4
+
Λ౔৕ʹՃ͑ɺ
15NH4
+ͱ
14NH4
+ͷೱ౓มԽ͔Βɺ૯ແػԽ଎౓͓Αͼ૯ NH4
+ফඅ଎౓Λ
ࢉग़͢Δ͜ͱ͕Ͱ͖ΔʢHart et al. 1994ʣ ɻ 

15N ಉҐମرऍ๏͸ɺैདྷ͔ΒΑ͘༻͍ΒΕ͍ͯΔଞͷํ๏ʢ७঳Խ଎౓ଌఆɺ
15N
τϨʔαʔ๏ʣͰΈΒΕΔ໰୊఺Λղܾ͍ͯ͠Δɻ໰୊఺ͱ͸͢ͳΘͪɺ ʢ1ʣNO3
–ೱ౓
ͷ୯Ґ࣌ؒ౰ͨΓͷਖ਼ຯͷมԽͰ͋Δ७঳Խ଎౓͸ʢeq. 4.1ʣͰද͞Εɺ࣮ࡍͷ঳Խ଎
౓ʢ૯঳Խ଎౓ʣΑΓখ͍͞ʢ2ʣ
15N τϨʔαʔ๏ͭ·Γɺ
15NH4
+Λ౔৕ʹՃ͑
15NO3
–
ͷੜ੒ΛݟΔํ๏Ͱ͸ɺ঳Խͷج࣭ΛՃ͑ΔͨΊʹ঳ԽΛଅਐͤ͞ΔՄೳੑ͕͋Δɻ·
ͨੜ੒ͨ͠
15NO3
–͸ಉ࣌ʹফඅ͞ΕΔՄೳੑ͕͋ΔͨΊɺ ࣮ࡍͷ଎౓Λ൓ө͠ͳ͍Մೳ
ੑ͕͋Δɻ͜ΕΒͷ͜ͱ͔Βɺແػଶ஠ૉͷಈଶ͕ଞͷੜଶܥʹൺ΂ͯஶ͍͠ͱߟ͑Β
Ε͍ͯΔ৿ྛ౔৕ʹ͓͚Δ஠ૉϑϩʔͷ૯଎౓ղੳʹ͸ɺ
15N ಉҐମرऍ๏͕࠷΋Α͘
༻͍ΒΕ͍ͯΔʢHart et al. 1994ʣ ɻ 
 
4.2 ํ๏ 
4.2.1 ڙࢼ౔৕   78 
 ڙࢼ౔৕͸ 2008 ೥ 9 ݄ʹ࠾औͨ͠౔৕Ͱ͋Δ ʢୈ 1 ষɺ ηΫγϣϯ 1.6ʣɻ ͢ ͳ Θ ͪ ɺ
DHSBR ͷ޿༿थྛɺদྛɺࠞ߹ྛͷίϯτϩʔϧ۠಺ 6 Χॴ͔ͣͭΒ࠾औ͠ɺͦΕͧ
Ε 2mm ͷ;Δ͍Λ௨ͨ͠౔৕Ͱ͋Δɻ 
 
4.2.2 NH4
+ͱNO3
!ೱ౓ͷଌఆ 
 ౔৕தͷNH4
+ͱNO3
!ೱ౓͸2 M KCl༹ӷΛ༻͍ͯଌఆͨ͠ɻ౔৕10 gʹରͯ͠ɺ2 M 
KCl༹ӷΛ50 mlΛՃ͑ɺ1࣌ؒৼͱ͏͠ɺԕ৺ʢ7000 " gɺ10minʣͨ͠ޙɺΨϥεϑΟ
ϧλʔ ʢGF/F; Whatman Int. Ltd., Maidstone, UKʣΛ ༻ ͍ ͯ Ζ ա ͠ ͨ ɻΖ ӷ த ͷ NH4
+ͱNO3
!
ೱ౓͸ΦʔτΞφϥΠβʔʢTRAACS 800; Bran+Luebbe, Tokyo, JapanʣΛ༻͍ͯଌఆ͠
ͨɻ 
 
4.2.3 ஠ૉϑϩʔͷ૯଎౓ଌఆ 
4.2.3.1 ౔৕ഓཆ͓Αͼ
15N ଌఆ 
 ֤৿ྛ಺ 6 ஍఺͔Β࠾औͨ͠౔৕αϯϓϧͦΕͧΕ͔Βɺ7 g ͷ౔৕αϯϓϧʢαϒ
αϯϓϧʣ Λ 2 ͭɺ ผʑʹͶ͡ޱϓϥενοΫνϡʔϒ ʢ50 ml, Corning, Corning Inc. NY, 
USAʣʹೖΕɺ26°C  Ͱ 24 ࣌ؒɺલഓཆͨ͠ɻεΫϦϡʔΩϟοϓ͸؇Ίͯ։์ܥʹ͠
ͨɻ ૯ແػԽ଎౓ͷଌఆ͸ҎԼͷखॱͰߦͬͨɻ ʢ1ʣ֤ α ϒ α ϯ ϓ ϧ ʹ 5 mM NH4Cl ʢ99.3 
15N atom%, SI Science Co., Ltd., Saitama, JapanʣΛ 350 µL Ճ͑ͨɻ
15N ༹ӷ͸౔৕தͰۉ
Ұʹ޿͕ΔΑ͏ʹɺγϦϯδʢ25 G " 6 mm, Top Corporation, Tokyo, Japanʣͱࡉ͍χʔ
υϧ ʢ25 G " 6 mm, Top CorporationʣΛ ༻ ͍ ͯ Ұ ణ ͣ ͭ Ճ ͑ ɺ౔ ৕ Λ ؇ ΍ ͔ ʹ ࠞ ߹ ͠ ͨ ɻ
ʢ2ʣ2 ͭͷαϒαϯϓϧͷ͏ͪ 1 ͭ͸ 15 ෼ؒɺ΋͏ 1 ͭ͸͞Βʹ 24 ࣌ؒɺ͍ͣΕ΋
26°C ͰΠϯΩϡϕʔτͨ͠ɻ ʢ3ʣΠϯΩϡϕʔτޙɺ2 M KCl ༹ӷΛ 35 mL Ճ͑ͨɻ1
࣌ؒৼͱ͏͠ɺԕ৺ʢ7000 " gɺ10minʣͨ͠ޙɺΨϥεϑΟϧλʔʢGF/F; Whatman Int. 
Ltd.ʣΛ༻͍ͯΖաͨ͠ɻΖӷ͸ 4 °C Ͱอଘͨ͠ɻ 
 ૯঳Խ଎౓ͷଌఆʹ͸ɺ ಉ༷ʹ֤৿ྛ಺ 6 ஍఺͔Β࠾औͨ͠౔৕αϯϓϧͦΕͧΕ͔  79 
Β 7 g ͷ౔৕αϯϓϧ ʢαϒαϯϓϧʣ Λ 2 ͭผʑʹϓϥενοΫνϡʔϒʹೖΕɺ 26°C 
Ͱ 24 ࣌ؒલഓཆͨ͠ɻ ͦͷޙɺ ֤αϒαϯϓϧʹ NH4Cl Ͱ͸ͳ͘ɺ 5mM KNO3 ʢ99.3 
15N 
atom%, SI Science Co., Ltd.ʣΛఴՃ͠ɺ্هͱಉ༷ͷखॱΛ܁Γฦͨ͠ɻ 
 Ζӷதͷ NH4
+ͱ NO3
-ͷೱ౓ͱ
15N/
14N ͷଌఆ͸ୈ 3 ষͰهड़ͨ͠ํ๏Ͱߦͬͨɻ ͢ͳ
ΘͪɺΖӷதͷ NO3
–͸୤஠ە๏ʹΑͬͯ N2O ʹؐݩ͠ɺೱ౓ͱ
15N/
14N Λୈ 2 ষͰهड़
ͨ͠ GC/MS γεςϜΛ༻͍ͯଌఆͨ͠ɻΖӷதͷ NH4
+ʹ͍ͭͯɺೱ౓͸෼ޫޫ౓ܭ
ʢJASCO  corporation,  Tokyo,  JapanʣΛ༻͍ͯΠϯυϑΣϊʔϧϒϧʔ๏ʢKeeney  and 
Nelson  1982ʣʹΑͬͯൺ৭ఆྔͨ͠ɻ
15N/
14N ͸ diffusion ๏ͷޙɺաེࢎࢎԽʹΑͬͯ
NO3
–ʹͨ͠ޙɺ্هͷํ๏ͱಉ༷ʹଌఆͨ͠ɻ 
 
4.2.3.2 ૯ੜ੒ɾফඅ଎౓ͷࢉग़ 
 ૯଎౓͸ Kirkham  and  Bartholomewʢ1954ʣͷࣜʹج͍ͮͯࢉग़ͨ͠ɻ૯ແػԽ଎౓
Λ 1 ೔౰ͨΓͷ NH4
+ͷੜ੒ྔͱͯ͠ɺͦͷࢉग़ࣜΛҎԼʹࣔ͢ɻ 
! 
m =
[NH4
+]0 "[NH4
+]t
t
•
log(APE0 /APEt)
log([NH4
+]0 /[NH4
+]t)
-- (eq. 4.3) 
! 
cA = m "
[NH4
+]t "[NH4
+]0
t
-- (eq. 4.4) 
m:  ૯ແػԽ଎౓ʢgross N mineralization rateʣʢ mg N kg-soil
 -1 day
-1ʣ 
cA:  ૯ NH4
+ফඅ଎౓ʢgross NH4
+ consumption rateʣʢ mg N kg-soil
 -1 day
-1ʣ 
t:  ഓཆظؒɺ1  ೔ 
APE0: time-0 ʹ͓͚Δ NH4
+ͷ
15N atom % excess 
ʢ
15N atom % excess = 
15N ఴՃޙͷ
15N atom % - 
15N ఴՃલͷ
15N atom % 
ʢόοΫάϥ΢ϯυɿ0.366atom%-
15Nʣʣ  
APEt: time-t ʹ͓͚Δ NH4
+ͷ
15N atom % excess 
[NH4
+]0: time-0 ʹ͓͚Δ NH4
+ೱ౓  (mg N kg-soil
 -1)   
[NH4
+]t: time-t ʹ͓͚Δ NH4
+ೱ౓  (mg N kg-soil
 -1)   80 
 
 ૯঳Խ଎౓ʢ૯ NO3
–ੜ੒଎౓ʣ͓Αͼ૯ NO3
–ফඅ଎౓͸্هͷࣜͷ NH4
+Λ NO3
–ʹ
ஔ͖׵͑ͯࢉग़ͨ͠ɻ७঳Խ଎౓͸Ұ೔౰ͨΓͷ NO3
–ͷมԽͱͯ͠ࢉग़ͨ͠ɻ૯ແػ
Խ଎౓ͱ૯ NH4
+ফඅ଎౓ɺ૯঳Խ଎౓ͱ૯ NO3
-ফඅ଎౓͸ɺͦΕͧΕ 15 ෼͓Αͼ 24
࣌ؒ 15 ෼ഓཆͷαϒαϯϓϧதͷ NH4
+ͱ NO3
-ͷೱ౓ʢ
14N
 + 
15Nʣ͓Αͼ
15N/
14N Λ༻͍
ͯࢉग़ͨ͠ɻ 
 Kirkham and Bartholomewʢ1954ʣͷࣜɺ ʢeq. 4.3ʣ͓Αͼʢeq. 4.4ʣ͸ɺҎԼͷ 3 ͭͷ
Ծఆʢ1ʣʵʢ3ʣͷ΋ͱɺ ʢeq. 4.1ʣ͓Αͼʢeq. 4.2ʣΛมܗͨ͠΋ͷͰ͋Δɻ 
ʢ1ʣ
15N ͱ
14N ͸౔৕தͰɺ·ͨඍੜ෺ͷऔΓࠐΈͷࡍɺಉ͡Α͏ʹৼΔ෣͏ 
ʢ2ʣର৅ͱ͢Δ஠ૉϑϩʔͷ଎౓͸ഓཆظؒதҰఆͰ͋Δ 
ʢ3ʣഓཆظؒதʹಉԽ͞Εͨ
15N ͸࠶ͼແػԽ͢Δ͜ͱ͸ͳ͍ɻ 
࣮ࡍʹ͸ɺ͜ΕΒͷԾఆ͸ඞͣ͠΋੒ཱ͠ͳ͍͕ɺഓཆظ͕ؒ୹ظؒʢ1d2 ೔ʣͰ͋
Ε͹ͦͷޡࠩ͸খ͍͞ͱߟ͑ΒΕ͍ͯΔʢDavidson et al. 1991ʣɻ  
 
4.2.3.3 ૯ෆಈԽ଎౓ͷࢉग़ 
 ফඅ଎౓͸ඍੜ෺ʹΑΔಉԽɺ౔৕༗ػ෺΁ͷٵணɺΨεʹΑΔشࢄͳͲશͯͷফඅ
ϓϩηεͷ଎౓ͷ߹ܭͰ͋ΔɻຊݚڀͰ͸ɺطԟݚڀʢTietema and Wessel 1992; Tietema 
1998ʣʹ΋ͱ͍ͮͯ NH4
+ͷফඅϓϩηε͸ෆಈԽʢimmobilizationɺඍੜ෺ಉԽ΍౔৕
༗ػ෺΁ͷٵணʣͱ঳Խͱ͍͏Ծఆͷ΋ͱɺҎԼͷ͔ࣜΒ NH4
+ͷ૯ෆಈԽ଎౓Λࢉग़
ͨ͠ʢDavidson et al., 1991ʣɻ  
 
 ૯ NH4
+ෆಈԽ଎౓ =   g r o s s   N H 4
+ফඅ଎౓  –  ૯঳Խ଎౓  -- (eq. 4.5) 
 
 NO3
–ͷফඅʹ͍ͭͯ͸ɺطԟݚڀʢTietema and Wessel 1992; Tietema 1998ʣʹ΋ͱͮ
͍ͯɺओʹ NO3
–ͷෆಈԽʢඍੜ෺ಉԽ΍౔৕༗ػ෺΁ͷٵணʣʹΑΔ΋ͷͱͨ͠ɻ   81 
 
 ૯ NO3
–ෆಈԽ଎౓ =   g r o s s   N O 3
–ফඅ଎౓  -- (eq. 4.6) 
 
 ຊ࣮ݧ͸২෺ʹΑΔNO3
–ͷٵऩ΍ਫҠಈʹͱ΋ͳ͏NO3
–༹୤ͳͲʹΑΔNO3
–ফඅϓ
ϩηεͷͳ͍৚݅ԼͰߦΘΕɺ͔ͭ޷ؾ৚݅ͰͷഓཆͷͨΊɺ୤஠׆ੑ͸཈੍͞Ε͍ͯ
Δͱߟ͑ΒΕΔͨΊɺଞͷফඅϓϩηε͢ͳΘͪ২෺ʹΑΔٵऩͳΒͼʹ༹୤ɺ୤஠ʹ
͍ͭͯ͸ߟྀ͠ͳ͍ɻ·ͨຊষͰ͸ NO3
–ੜ੒͸͢΂ͯ NH4
+͔Βͷੜ੒ͱͨ͠ɻຊষͰ
ର৅ͱͨ͠ϓϩηεʹ͍ͭͯ Figure 4-1 ʹࣔ͢ɻ 
 
4.2.4 ౷ܭղੳ 
 ৿ྛؒͷ஠ૉϑϩʔ଎౓ͷ༗ҙࠩݕఆ͸Ұ࣍ݩ෼ࢄ෼ੳʢone-way analysis of variance 
(ANOVA) with Turkey’s testʣͰߦͬͨɻ७঳Խ଎౓ͱ NO3
–ೱ౓ͱͷؒͰ૬ؔ෼ੳΛߦͬ
ͨɻ·ͨ૯঳Խ଎౓ͱҎԼͷύϥϝʔλʔɺ͢ͳΘͪ૯ແػԽ଎౓ɺ૯ NH4
+ෆಈԽ଎
౓ɺ૯ NO3
–ෆಈԽ଎౓ɺ७঳Խ଎౓͓Αͼ NO3
–ೱ౓ͱͷؒͰ૬ؔ෼ੳΛߦͬͨɻ# Ϩ
ϕϧ0.05Λ༗ҙࠩͷࢦඪͱͨ͠ɻ શͯͷ౷ܭղੳ͸R software ʢR Development Core Team, 
2007ʣΛ༻͍ͯߦͬͨɻ 
 
4.3  ݁Ռ 
 DHSBR ͷ޿༿थྛɺদྛɺࠞ߹ྛͷίϯτϩʔϧ͔۠Β࠾औͨ͠౔৕ͷ pHɺNH4
+
ͱ NO3
–ೱ౓ɺCN ൺʢશ୸ૉྔʗશ஠ૉྔ: C/NʣΛ Table 4-1 ʹࣔ͢ɻ౔৕͸͢΂ͯࢎ
ੑͰ͋Γɺ޿༿थྛ͸দྛ΍ࠞ߹ྛʹൺ΂ͯ౔৕ͷ pH ͕௿͍ɻ·ͨ C/N ͸޿༿थྛɺ
দྛɺ ࠞ߹ྛͷॱʹߴ͘ͳΔɻ ৿ྛؒͰ NH4
+ೱ౓ʹ͍ͭͯ༗ҙࠩ͸ΈΒΕͳ͔͕ͬͨɺ
޿༿थྛͷ NO3
–ೱ౓͸দྛ΍ࠞ߹ྛͷ NO3
–ೱ౓ΑΓߴ͔ͬͨɻ 
 ଓ͍ͯɺ
15N ಉҐମرऍ๏ʹΑΓࢉग़֤ͨ͠৿ྛͷ૯ແػԽ଎౓ɺ ૯঳Խ଎౓ɺ ૯ NH4
+
ෆಈԽ଎౓ɺ૯ NO3
–ෆಈԽ଎౓ɺ૯ NʢNH4
+ + NO3
–ʣෆಈԽ଎౓Λ Table 4-2 ʹࣔ͢ɻ  82 
·ͨɺ֤৿ྛ౔৕ͷ஠ૉϑϩʔͷ֓೦ਤΛ Tietema and Wesselʢ1992ʣ͓Αͼ Tietema
ʢ1998ʣʹ ΋ ͱ ͮ ͍ ͯ Figure 4-2 ʹࣔ͢ɻ ຊষͰ͸঳Խ͸ NH4
+͔Β NO3
–ͷੜ੒ͱͨ͠ɻ
͢ͳΘͪैଐӫཆੑ঳Խʢ༗ػମ஠ૉ͔Βͷ NO3
–ੜ੒ʣ͸ߟྀ͍ͯ͠ͳ͍ʢୈ 5 ষࢀ
রʣ ɻTable 4-2 ʹ͓͍ͯɺ૯ແػԽ଎౓ɺ૯ NH4
+ෆಈԽ଎౓ɺ૯ NO3
–ෆಈԽ଎౓ɺ૯ N
ෆಈԽ଎౓͸৿ྛؒͰ༗ҙࠩ͸ݟΒΕͳ͔ͬͨɻ ͦͷҰํͰ૯঳Խ଎౓͸େ͖͘ҟͳͬ
ͨʢp<0.001ʣɻ ͢ ͳ Θ ͪ ɺ ޿ ༿ थ ྛ ͷ ૯ ঳ Խ ଎ ౓ ʢ 5.0 mg N kg-soil
 –1 day
–1ʣ͸দྛʢ1.2 
mg N kg-soil
 -1 day
-1ʣ͓Αͼࠞ߹ྛʢ0.5 mg N kg-soil
 –1 day
–1ʣʹൺ΂ͯ͸Δ͔ʹେ͖͔ͬ
ͨɻ 
 NO3
–ೱ౓ͷҰ೔౰ͨΓͷਖ਼ຯͷมԽɺ͢ͳΘͪ NO3
–ͷ஝ੵ଎౓Ͱ΋͋Δ७঳Խ଎౓
ʢ=  ૯঳Խ଎౓  ʵ  ૯ NO3
–ෆಈԽ଎౓ʣʹ͍ͭͯ΋ɺ޿༿थྛͰ͸দྛ΍ࠞ߹ྛʹൺ΂
ͯߴ͔ͬͨ ʢp<0.001ɺ Table 4-2ʣɻ· ͨ ɺશ ͯ ͷ ౔ ৕ α ϯ ϓ ϧ ʹ ͓ ͚ Δ ७ ঳ Խ ଎ ౓ ͱ NO3
–
ೱ౓ͱͷؒʹਖ਼ͷ૬͕ؔݟΒΕͨ ʢp<0.001ɺ NO3
– concentration = 2.5 " net nitrification rate 
+1.5ɺR
2=0.88ʣʢ Figure 4-3ʣɻ ૯঳Խ଎౓ʹ͍ͭͯ΋ɺ७঳Խ଎౓ͱಉ༷ʹɺNO3
–ೱ౓
ͱͷؒʹ૬͕ؔݟΒΕͨ ʢTable 4-3, p<0.001ʣɻ · ͨ ૯ ঳ Խ ଎ ౓ ͱ ૯ແػԽ଎౓ɺ ૯ NH4
+
ෆಈԽ଎౓ɺ૯ NO3
–ෆಈԽ଎౓ɺ૯ N ෆಈԽ଎౓ɺNH4
+ೱ౓ͱͷؒʹ૬ؔ͸ݟΒΕͳ
͔ͬͨʢTable 4-3ʣɻ  
 
4.4 ߟ࡯ 
4.4.1 ৿ྛ౔৕தͷ঳ࢎੜ੒ 
 ֤৿ྛͷ౔৕தͷແػଶ஠ૉʹ͍ͭͯɺ޿༿थྛͰ͸ NO3
–ೱ౓͕দྛͱࠞ߹ྛʹൺ
΂ͯߴ͔ͬͨɻ֤৿ྛͷ஠ૉϑϩʔʹ͍ͭͯɺ৿ྛؒͰ૯঳Խ଎౓ʹେ͖ͳ͕ࠩݟΒΕ
ͨɻ͢ͳΘͪɺ޿༿थྛͰ͸૯঳Խ଎౓ɺ७঳Խ଎౓ͱ΋ʹদྛ΍ࠞ߹ྛʹ͘Β΂ͯஶ
͘͠େ͖͔ͬͨʢFigure 4-2ɺTable 4-2ʣɻ · ͨ ɺ NO3
–ೱ౓ͱ७঳Խ଎౓͓Αͼ૯঳Խ଎
౓ͱͷؒʹڧ͍૬͕ؔݟΒΕͨʢFigure 4-3ɺTable 4-3ʣɻ ͜ Ε Β ͷ ͜ ͱ ͔ Β ɺ ޿ ༿ थ ྛ
౔৕ʹ͓͍ͯ౔৕தͷ NO3
–ೱ౓͕ߴ͍ͷ͸ɺ঳Խ଎౓͕େ͖͍͜ͱʹ༝དྷ͢Δͱߟ͑  83 
ΒΕͨɻΞχΦϯͰ͋Δ NO3
–͸౔৕தͰҠಈ͠қ͘ɺͦΕΏ͑ਁಁਫʹΑͬͯ༰қʹ
༹୤͢ΔͨΊɺ౔৕தͰͷ NO3
–ͷ஝ੵ͸ NO3
–༹୤΁ͱܨ͕Δɻ͜ͷ͜ͱ͔Β΋ɺ޿༿
थྛ౔৕ͷද૚ 0 cm ͔Β 20 cm ͷ౔৕ʹ͓͍ͯɺদྛ΍ࠞ߹ྛΑΓଟྔͷ NO3
–͕ਫͷ
Ҡಈʹͱ΋ͳͬͯྲྀग़͍ͯ͠Δͷ͸ɺ ౔৕தͷ঳Խ଎౓͕ߴ͍͜ͱʹ༝དྷ͢Δͱߟ͑Β
Εͨɻ ·ͨ͜ͷΑ͏ͳ܏޲͕ผͷ࣌ظʹ࠾औͨ͠౔৕Ͱ΋ΈΒΕΔ͔Ͳ͏͔ʹ͍ͭͯୈ
5 ষͰ͞Βʹݕ౼͢Δɻ 
 
4.4.2 ஠ૉͷෆಈԽϓϩηε 
 Ұൠతʹ NH4
+ͱ NO3
!ͷෆಈԽ͕৿ྛ౔৕தͷओͳ஠ૉอ࣋ϓϩηεͰ͋Δɻ DHSBR
Ͱ͸૯ NH4
+ෆಈԽ଎౓ɺ૯ NO3
!ෆಈԽ଎౓ͱ΋ʹ৿ྛؒͰࠩ͸ͳ͘ɺ૯ NH4
+ෆಈԽ଎
౓͸૯ NO3
!ෆಈԽ଎౓ΑΓང͔ʹେ͖͔ͬͨɻ͕ͨͬͯ͠ɺNH4
+ͷෆಈԽ͕ DHSBR
ͷ 3 ͭͷ৿ྛ౔৕ͷओͳ஠ૉอ࣋ϓϩηεͩͱߟ͑ΒΕͨɻ ஠ૉෛՙ͕ΑΓখ͍͞ଞͷ
೤ଳྛͰ͸ɺNO3
!ͷ NH4
+΁ͷҟԽతؐݩʢdissimilatory  nitrate  reduction  to  ammonium: 
DNRAʣ΍ඍੜ෺ʹΑΔ NO3
!ಉԽͱ͍ͬͨϓϩηεʹΑͬͯɺੜ੒ͨ͠ NO3
!ͷେ෦෼
͕ෆಈԽ͞ΕΔ͜ͱ͕ใࠂ͞Ε͍ͯΔʢSilver et al. 2001; Templer et al. 2008; Huygens et 
al. 2008ʣɻ ͠ ͔ ͠ ɺ DHSBR ͷ 3 ͭͷ৿ྛ౔৕Ͱ͸ɺ૯঳Խ଎౓ʹൺ΂ͯ૯ NO3
!ෆಈԽ
଎౓͸͸Δ͔ʹখ͍͜͞ͱ͔ΒɺͦͷΑ͏ͳϓϩηεͷ୎ӽ͸ݟΒΕͳ͔ͬͨɻ 
 
4.4.3 ৿ྛͷ஠ૉ๞࿨ఔ౓ 
 ৿ྛͷ஠ૉ๞࿨ఔ౓ΛɺNH4
+ͷফඅϓϩηεͰ͋Δ঳Խͱ NH4
+ෆಈԽʢओʹඍੜ෺
ʹΑΔಉԽʣͷόϥϯεͷ؍఺͔Βߟ࡯͢ΔɻຊݚڀͰ͸৿ྛؒͰ NH4
+ෆಈԽ଎౓ʹ
େ͖ͳࠩ͸ݟΒΕͳ͍͕ɺ૯঳Խ଎౓͸޿༿थྛʹ͓͍ͯɺদྛ͓Αͼࠞ߹ྛʹൺ΂ͯ
ߴ͔ͬͨʢFigure 4-2ʣɻ͜ͷ͜ͱ͔Β޿༿थྛͰ͸঳Խඍੜ෺܈ू΁ͷ NH4
+ͷՄڅੑ
͕ߴ͍͜ͱ͕ࣔࠦ͞ΕΔɻ౔৕தͷ NH4
+͸ैଐӫཆੑඍੜ෺ʹΑΔಉԽͱ঳Խඍੜ෺
ʹΑΔ঳ԽʹΑͬͯڝ߹͞ΕΔɻ͜Ε·Ͱʹɺ஠ૉ੍ݶঢ়ଶʹ͋Δͱ NH4
+ͷେ෦෼͸  84 
ैଐӫཆੑඍੜ෺ʹΑΓಉԽʢNH4
+ෆಈԽʣ͞ΕΔ͕ɺ஠ૉͷՄڅੑ͕ߴ͘ͳΔʹͭΕ
ͯɺNH4
+͸঳Խඍੜ෺ʹ΋ར༻͞Εɺ঳Խ଎౓͕૿େ͢Δ͜ͱ͕ࣔࠦ͞Ε͍ͯΔ
ʢVerhagen et al. 1992; Hart et al. 1994ʣɻ· ͨ ஠ૉ੍ݶྛ͔Β஠ૉ๞࿨ྛͷਐߦͷաఔʹ
͓͍ͯɺ ౔৕ඍੜ෺ʹର͢Δ஠ૉͷՄڅੑ͕ߴ͘ͳΓɺNO3
–͕ա৒ʹੜ੒͞Ε΍͘͢ͳ
Δ͜ͱ͕༧૝͞Ε͍ͯΔʢGalloway et al. 2003ʣɻ͜ΕΒͷ͜ͱ͔Β஠ૉͷՄڅੑ͕ߴ
͘ɺ·ͨ঳Խ଎౓͕େ͖͍޿༿थྛ͸ɺদྛ΍ࠞ߹ྛʹൺ΂ͯΑΓ஠ૉ๞࿨ঢ়ଶʹ͋Δ
͜ͱ͕ࣔࠦ͞ΕΔɻ 
 ·ͨɺ͜Ε·Ͱʹ૯঳Խ଎౓ͷ૯ NH4
+ෆಈԽ଎౓ʹର͢ΔൺΛɺ৿ྛͷ஠ૉ๞࿨ఔ
౓ͷࢦඪͱͯ͠༻͍Δ͜ͱ΋ఏҊ͞Ε͖ͯͨʢAber  1992;  Tietema  and  Wessel 1 9 9 2 ;  
Murphy et al. 2003ʣɻ ৿ྛͷ஠ૉ๞࿨ݱ৅͕ਐߦ͢ΔʹͭΕͯ NH4
+͸ैଐӫཆੑඍੜ෺
ʹΑͬͯಉԽ͞ΕΔΑΓ΋ɺ ঳Խඍੜ෺ʹར༻͞ΕΔΑ͏ʹͳΓɺ ͦͷൺ͕େ͖͘ͳΔɻ
Goulding et al.ʢ1998ʣ͸஠ૉ๞࿨ঢ়ଶʹͳΔͱɺͦͷൺ͕ 1 ΑΓେ͖͍ɺ͢ͳΘͪ঳Խ
଎౓͕ NH4
+ෆಈԽ଎౓Λ্ճΔΑ͏ʹͳΔͱߟ࡯͍ͯ͠Δɻຊݚڀʹ͓͍ͯɺ༏઎͢
Δ NH4
+ͷফඅϓϩηε͸৿ྛؒͰҟͳΓɺ޿༿थྛͰ͸঳Խɺদྛͱࠞ߹ྛͰ͸ NH4
+
ͷෆಈԽͰ͋ͬͨʢFigure 4-2ʣɻ ݁ Ռ ͱ ͠ ͯ ɺ ७঳Խ଎౓ͷ NH4
+ෆಈԽ଎౓ʹର͢Δൺ
͸޿༿थྛʢ3.1ʣʹ͓͍ͯɺদྛʢ0.4ʣ΍ࠞ߹ྛʢ0.2ʣʹൺ΂ͯஶ͘͠ߴ͔ͬͨʢTable 
4-2ʣɻ ͦ ͷ ͨ Ί ɺ ޿ ༿ थ ྛ ͸ দ ྛ ΍ ࠞ ߹ ྛ ʹ ൺ ΂ ͯ ɺ ஠ ૉ ๞࿨ݱ৅͕ΑΓਐߦ͍ͯ͠Δ
ঢ়ଶʹ͋Δͱߟ͑ΒΕͨɻ͜ΕΒͷ݁Ռ͸ɺطԟͷ DHSBR Ͱͷݚڀɺ͢ͳΘͪɺϑΟ
ʔϧυͰͷ஠ૉಈଶʢFang et al. 2009ɺTable 1-2ʣʹؔ͢Δݚڀ͔Βಋ͖ͩ͞Εͨ݁Ռ
ͱ੔߹͢Δ΋ͷͰ͋Δɻ 
 ৿ྛؒͷ஠ૉ๞࿨ఔ౓ͷࠩҟʹ͍ͭͯ͸ɺ ୈ 5 ষʹ͓͍ͯ஠ૉఴՃ۠ͱແఴՃ۠ʹ͓
͚Δ஠ૉϑϩʔͷൺֱ͔Βɺ͞Βʹৄࡉʹݕ౼͢Δɻ·ͨɺຊষͰ͸ैଐӫཆੑ঳Խ
ʢOrg-N ͋Δ͍͸ NH4
+ˠNO3
ʵʣΛ ߟ ྀ ͠ ͯ ͍ ͳ ͍ ͨ Ί ʹ ɺಠ ཱ ӫ ཆ ੑ ঳ Խʢ NH4
+ˠNO3
–ʣ
ͷ଎౓ΛաେධՁ͍ͯ͠ΔՄೳੑ͕͋Δɻ ͦͷ఺ʹ͍ͭͯ΋ୈ 5 ষʹ͓͍ͯಠཱӫཆੑ
঳Խͱैଐӫཆੑ঳ԽΛͦΕͧΕධՁͯ͠ɺ͞Βʹৄࡉʹݕ౼͢Δɻ   85 
 
4.4.4 ৿ྛͷ૯঳Խ଎౓ 
 େؾ͔Βͷ஠ૉྲྀೖྔ͕ಉఔ౓Ͱ͋ͬͯ΋ɺ ৿ྛؒͰ૯঳Խ଎౓͸େ͖͘ҟͳ͍ͬͯ
ͨʢFig. 4-1ɺTable 4-2ʣɻ ಛ ʹ ɺ ૯ ແ ػ Խ ଎ ౓ ɺ ૯ NH4
+ෆಈԽ଎౓ɺ૯ NO3
–ෆಈԽ଎౓
͸৿ྛؒͰ༗ҙ͕ࠩݟΒΕͳ͍ҰํͰɺ ޿༿थྛͷ঳Խ଎౓͸দྛ͓Αͼࠞ߹ྛͷ঳Խ
଎౓ΑΓߴ͔ͬͨɻ঳Խ଎౓͸͜Ε·Ͱɺ༷ʑͳ؀ڥཁҼʹΑͬͯίϯτϩʔϧ͞Εͯ
͍Δͱߟ͑ΒΕ͖ͯͨʢFigure 1-8 Aʣɻ ྫ ͑ ͹ ɺ NH4
+ͷՄڅੑ΍ɺ୸ૉͱ஠ૉͷՄڅੑ
ͷόϥϯεͳͲ͕ݸʑͷ৿ྛ౔৕தͷ঳Խ଎౓ʹӨڹΛ༩͍͑ͯΔ͕ࣔࠦ͞Ε͖ͯͨɻ
ͦͷதͰ΋ɺBooth et al.ʢ2005ʣ͸৿ྛɺᕲ໦஍ɺ૲஍ɺ೶ߞ஍ͰߦΘΕͨ 100 ΋ͷݸʑ
ͷղੳσʔλΛ߹Θͤͯ࠶ղੳ͠ɺ૯঳Խ଎౓͸૯ແػԽ଎౓͓Αͼ౔৕தͷશ୸ૉɺ
શ஠ૉɺNH4
+ೱ౓ͱ࠷΋૬͕ؔ͋Δ͜ͱΛࣔͨ͠ɻKuroiwa et al.ʢin reviewʣ͸೔ຊͷ
4 Χॴͷ৿ྛʹ͓͍ͯɺ ૯঳Խ଎౓ͱ૯ແػԽ଎౓͓Αͼ౔৕தͷશ୸ૉɺ શ஠ૉɺ NH4
+
ೱ౓ͱͷؒʹڧ͍૬ؔΛݟ͍ͩ͠ʢp<0.001ʣɺ ૯ ঳ Խ ଎ ౓ ͸ ɺ ಛ ʹ ૯ ແ ػ Խ ଎ ౓ ʹ Α ͬ
ͯେ͖ܾ͘·͍ͬͯΔ͜ͱΛࣔࠦͨ͠ɻ͔͠͠ɺຊݚڀʹ͓͍ͯ͸ɺ૯঳Խ଎౓ͱ૯ແ
ػԽ଎౓΍ NH4
+ೱ౓ͱͷؒʹ૬ؔ͸ݟΒΕͳ͔ͬͨʢTable 4-3ʣ ɻ 
 ·ͨ஠ૉ͚ͩͰͳ͘ɺ ୸ૉͱ஠ૉͷՄڅੑͷόϥϯε΋঳Խ଎౓Λ͖ΊΔ؀ڥཁҼͰ
͋Δͱࢦఠ͞Ε͖ͯͨɻैདྷ͔Βɺͦͷόϥϯεͷࢦඪͱͯ͠ CN ൺʢC/Nʣ͕༻͍Β
Ε͖ͯͨɻྫ͑͹ɺYoh et al.ʢ2001ʣ͸೔ຊͷ৿ྛʹ͓͍ͯ C/N ͕ 20 ΛԼճΔ౔৕Ͱ
७঳ࢎੜ੒͕ΈΒΕɺ C/N ͕௿͘ͳΔʹͭΕͯ७঳Խ଎౓͕େ͖͘ͳΔ͜ͱΛ͍ࣔͯ͠
Δɻ·ͨ Galloway et al.ʢ2003ʣ͸஠ૉ๞࿨ݱ৅͕ਐߦ͢ΔʹͭΕͯ౔৕ͷ C/N ͸௿Լ
͠ɺ७঳Խ଎౓͕૿େ͢ΔՄೳੑΛࢦఠ͍ͯ͠ΔʢFigure 1-5ʣɻ C/N Λࢦඪͱͯ͠༻͍
Δ͜ͱͷओͳࠜڌ͸࣍ͷ௨ΓͰ͋Δɻ ඍੜ෺ࡉ๔ͷ C/N ͕ 5 ఔ౓ ʢFagerbakke et al. 1996ʣ
ͱߟ͑ΒΕ͓ͯΓɺ౔৕ͷ C/N ʹൺ΂Δͱ͸Δ͔ʹ௿͍ɻैͬͯɺ౔৕ͷ C/N ͕ߴ͍
ʢC ʹରͯ͠ N ͕গͳ͍ʣͱɺ౔৕ඍੜ෺͸஠ૉ੍ݶঢ়ଶʹ͋Γ౔৕தͷ NH4
+ͷ΄ͱ
ΜͲ͸ैଐӫཆੑඍੜ෺ͷಉԽʹΑͬͯ࢖ΘΕΔ͕ɺ ౔৕ͷ C/N ͕௿͘ͳΓ ʢC ʹର͠  86 
ͯ N ͕ଟ͘ͳΓʣ஠ૉͷՄڅੑ͕ߴ͘ͳΔͱಉ࣌ʹ NH4
+͸঳Խඍੜ෺ʹ΋ར༻͞Εɺ
঳Խ͕ଅਐ͞ΕΔͱ͍͏ߟ͑ʹ΋ͱ͍͍ͮͯΔʢBengtsson et al. 2003ʣɻ ࣮ ࡍ ʹ DHSBR
ʹ͓͍ͯ΋౔৕ͷ C/N ͸ɺ૯঳Խ଎౓͕େ͖͍޿༿थྛʢ22ʣʹ͓͍ͯɺদྛʢ25ʣ
΍ࠞ߹ྛʢ28ʣΑΓ௿͍ʢFang et al. 2006ʣ͜ͱ͔Βɺ୸ૉͱ஠ૉͷՄڅੑͷόϥϯε
͕঳Խ଎౓ΛܾΊΔॏཁͳཁҼͰ͋ΔՄೳੑ͕͋Δɻ͔͠͠ɺC/N ͸͋͘·Ͱ৿ྛ౔৕
தͷશ୸ૉྔͱશ஠ૉྔͷൺͰ͋Γɺ ৿ྛؒʹΑͬͯ୸ૉͱ஠ૉͷߏ੒੒෼͸ҟͳΔ্ɺ
Մڅଶ୸ૉͱՄڅଶ஠ૉͷൺͰ͸ͳ͍ɻͦͷͨΊ C/N Λࢦඪͱ͢Δͷ͸ඞͣ͠΋ଥ౰
Ͱ͸ͳ͍Մೳੑ͕͋ΔʢBooth et al.2005ʣɻ  
 ·ͨ঳Խ͸঳Խඍੜ෺܈ूͷػೳͰ͋ΔɻFigure 1-8 Λࢀর͢ΔͱɺC/N ͕௿͘ͳΔ
ʹͭΕͯ঳Խ଎౓͕େ͖͘ͳΔͷͰ͋Ε͹ɺͦΕ͸ C/N ͕௿͘ͳΔ͜ͱͰ঳Խඍੜ෺
܈ूʹର͢Δ NH4
+ͷՄڅੑ͕େ͖͘ͳΓɺͦΕʹΑͬͯ঳Խඍੜ෺܈ूͷߏ଄͕มԽ
͢ΔʢFigure 1-8Cʣɻ ͦ ͷ ݁ Ռ ɺ ૯ ঳ Խ ଎ ౓ ͕ େ ͖ ͘ ͳ Δ ʢ Figure 1-8Bʣͱߟ͑Δͷ͕
ଥ౰Ͱ͋Ζ͏ɻ͢ͳΘͪɺ্هͷΑ͏ͳ؀ڥཁҼͱ͸ผʹɺ͜ͷΑ͏ͳ৿ྛؒʹ͓͚Δ
૯঳Խ଎౓ͷࠩҟ͸ɺ঳ԽΛ୲͍ͬͯΔඍੜ෺܈ूͷಛੑʢଘࡏྔɺ܈ू૊੒ɺ׆ੑʣ
ͷࠩҟʹىҼ͢Δͱߟ͑ΒΕΔʢFigure 1-8Bʣɻ ͦ ͜ Ͱ ୈ ̒ ষ ʹ ͓ ͍ ͯ ɺ ৿ ྛ ؒ ͷ ૯ ঳
Խ଎౓ͷࠩҟΛ঳Խඍੜ෺܈ूͷ؍఺͔Βߟ࡯͢Δɻ Table 4-1. Chemical properties of soils in broadleaf, pine and mixed forest soils 
at DHSBR. 
broadleaf  pine  mixed  p value 
pH*  3.83  (0.02)b  4.04  (0.04)a  3.95  (0.01)a  0.003 
NH4
+ (mg-N/g-soil)  3.1  (1.4)  3.3  (0.7)  5.9  (1.5)  0.23 
NO3
- (mg-N/g-soil)  11.9  (2.8)a  4.7  (1.4)b  2.0  (0.4)b  <0.001 
C/N*  22.1  (1.3)b  25  (1.1)ab  28  (0.7)a  0.05 
Data are shown as mean (standard error), n=6 
Different letters following the values indicate signiﬁcant differences among 
forests (p<0.05) based on one-way analysis of variance (ANOVA) with Turkey's 
HSD 
*Data from Fang et al. (2009) 

Table 4-2. Gross and net N transformation rates (mg-N/g-soil/day), and gross 
nitriﬁcation/ gross NH4
+ immobilization of soils in broadleaf, pine and mixed forest 
soils at DHSBR 
broadleaf  pine  mixed  p value 
gross minaralization  3.5  (0.5)  3.9  (0.7)  2.4  (0.3)  0.17 
gross NH4
+ 
immobilization 
2.3  (0.6)  2.7  (1.3)  2.4  (0.7)  0.93 
gross nitriﬁcation  5.0  (0.8)a  1.2  (0.6)b  0.5  (0.1)b  <0.001 
gross NO3
– 
immobilization 
0.2  (0.1)  0.2  (0.0)   0.1  (0.0)   0.15 
gross N (NH4
++NO3
–) 
immobilization 
2.5  (0.6)  2.9  (1.3)  2.5  (0.7)  0.82 
net nitriﬁcation  4.8  (0.8)a  1.0  (0.6)b  0.4  (0.2)b  <0.001 
nitriﬁcation/ 
NH4
+ immobilization   3.1  (0.8) a  0.4  (0.6) b  0.2  (0.2) b  <0.001 
Data are shown as mean (standard error), n=6 
Different letters following the values indicate signiﬁcant differences among forests 
(p<0.05) based on one-way analysis of variance (ANOVA) with Turkey's HSD Table 4-3. Relation between gross nitriﬁcation rates and other gross rates  
or soil chemical properties of soils in broadleaf, pine and mixed forest soils 
at DHSBR. 
R2  p value 
gross nitriﬁcation vs  gross mineralization  0.008  0.72 
gross NH4
+ immobilization  0.08  0.23 
gross NO3
- immobilization  0.2  0.055 
NH4
+ pool size  0.003  0.82 
NO3
- pool size  0.89  <0.001 
Regression analysis was used to investigate the relationships. 

Figure 4-1. Schematic representations of the major processes affecting 
NH4
+ and NO3
– pool sizes in forest soils discussed in Chap. 4 . Net and 
gross  rates  of  N  mineralization  and  nitriﬁcation  are  measured  in  the 
absence  of  plant  uptake  and  leaching  and  under  conditions  that 
minimize denitriﬁcation. Under these conditions net rate estimates are 
still inﬂuenced by both productive and consumptive processes. For the 
NH4
+ pool, gross mineralization is the productive process; consumptive 
processes  include  abiotic  sinks,  gross  nitriﬁcation,  microbial 
immobilization, and plant uptake. For the NO3
– pool, gross nitriﬁcation 
is  the  productive  process;  consumptive  processes  include 
denitriﬁcation, leaching, microbial immobilization, and plant uptake. 
Org-N
NH4
+ NH4
+
nitriﬁcation Figure 4-2. Characteristics of N transformations in (A) broadleaf, (B) pine and 
(C) mixed forest soils at DHSBR. Arrows indicate the following: from Org-N 
(organic  N)  to  NH4
+-N,  gross  mineralization;  from  NH4
+-N  to  Org-N,  NH4
+ 
immobilization;  from  NH4
+-N  to  NO3
--N,  gross  nitriﬁcation;  from  NO3
–-N  to 
Org-N, gross NO3
–
 immobilization. The ﬁgures adjacent to each arrow and 
below the circle show the rates (mg-N kg-soil–1 day–1) and pool size (mg-N kg-
soil–1). Gross NH4
+ immobilization rate was calculated by subtracting gross 
nitriﬁcation rate from gross NH4
+ consumption rate.  
Org-N
3.5
2.3 
5.0 
0.2 
(A) 
NO3
- NH4
+
Org-N
3.9  
2.7 
1.2 
0.2
(B) 
NO3
- NH4
+
Org-N
2.4 
2.4 
0.5 
0.1  
(C) 
NO3
- NH4
+

3.1 
3.3 
5.9 
11.9 
4.7 
2.0 Figure 4-3. Relationship between net nitriﬁcation rate and NO3
– 
concentration in old-growth, pine and mixed forest in DHSBR. A 
signiﬁcant  correlation  between  them  was  found  (p<0.001,  NO3
– 
concentration = 2.5 × net nitriﬁcation rate +1.5, R2=0.88)  
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5.1. ॹݴ 
 લষͰ͸ɺ2008 ೥ʹ࠾औͨ͠౔৕Λ༻͍ͯɺݚڀαΠτ DHSBRʢୈ 1 ষࢀরʣͷ޿
༿थྛɺদྛɺࠞ߹ྛͷίϯτϩʔϧ۠ͷ஠ૉϑϩʔ଎౓Λൺֱͨ݁͠Ռɺ޿༿थྛʹ
͓͍ͯɺদྛͱࠞ߹ྛʹൺ΂ͯ૯঳Խ଎౓ͳΒͼʹ७঳Խ଎౓͕େ͖͍͜ͱΛࣔͨ͠ɻ
ຊষͰ͸ɺ ͦͷ݁ՌΛ౿·͑ͯɺ ఆྔతͳσʔλΛ৽ͨʹٻΊͯҎԼͷ 3 ఺Λٞ࿦͢Δɻ
͢ͳΘͪʢ1ʣ2008 ೥ʹ࠾औͨ͠౔৕ͰݟΒΕ্ͨهͷΑ͏ͳ৿ྛؒͷ஠ૉϑϩʔͷ܏
޲͸ɺ2009 ೥ʹ࠾औͨ͠౔৕Ͱ΋ݟΒΕΔͷ͔ɺ ʢ2ʣ஠ૉྲྀೖྔͷ૿େʹͱ΋ͳ͍ɺ
஠ૉϑϩʔ͸ͲͷΑ͏ʹมԽ͢Δͷ͔ɺ ʢ3ʣैଐӫཆੑ঳Խ͸ NO3
!ੜ੒ʹରͯ͠ͲΕ
͚ͩد༩͍ͯ͠Δͷ͔ɻ 
 DHSBR Ͱ͸౔৕தͷແػଶ஠ૉྔ͕قઅʹΑͬͯେ͖͘มಈ͢Δɻྫ͑͹ɺӍظͰ
͋Γɺ·ͨ৿ྛͷ੒௕ظͰ΋͋ΔՆظʹ͸ɺਫ෼Ҡಈʹͱ΋ͳ͏༹୤΍২෺ͷٵऩ͕ஶ
͘͠ͳΔͨΊɺ৿ྛ౔৕தͷແػଶ஠ૉྔ͸গͳ͘ͳΔ͜ͱ͕ใࠂ͞Ε͍ͯΔʢFang et 
al. 2006ʣɻ ै ͬ ͯ ɺ ஠ ૉ ϑ ϩ ʔ ͷ ଎ ౓ ΋ ق અ ΍ ౔ ৕ ࠾ औ ࣌ ظ ʹ Α ͬ ͯ େ ͖ ͘ ม ಈ ͠ ͯ ͍
Δͱ༧૝͞ΕΔɻͦ͜Ͱɺ·ͣ DHSBR ͷ޿༿थྛ͓Αͼদྛͷίϯτϩʔϧ۠ͷ஠ૉ
ϑϩʔ଎౓Λࢉग़͠ɺ྆৿ྛͷ஠ૉϑϩʔͷ܏޲Λɺ2008 ೥࠾औ౔৕͔ΒಘΒΕͨ݁
Ռͱൺֱ͢Δɻ 
 ଓ͍ͯɺDHSBR ΛؚΉதࠃೆ෦Ͱ͸ɺࠓޙ΋େؾ͔Βͷ஠ૉ௜ணྔ͕૿େ͢Δ͜ͱ
͕༧૝͞Ε͍ͯΔʢୈ 1 ষɺηΫγϣϯ 1.2ɺFigure 1-3ʣɻ ͠ ͨ ͕ ͬ ͯ ɺ ஠ ૉ ྲྀ ೖ ྔ ͷ
૿େʹͱ΋ͳ͏౔৕தͷ஠ૉϑϩʔͷมԽΛ໌Β͔ʹͰ͖Ε͹ɺ ࠓޙͷ৿ྛੜଶܥͷ஠
ૉ॥؀ͷมԽΛ༧ଌ͢Δ্Ͱॏཁͳ৘ใΛఏڙ͠͏Δɻ ·ͨ੒ख़ྛͰ͋Δ޿༿थྛ͸ए
͍দྛʹൺ΂ͯɺ஠ૉ๞࿨ݱ৅͕ΑΓਐߦͨ͠ঢ়ଶʹ͋Δͱߟ͑ΒΕΔʢୈ 4 ষ͓Αͼ
ୈ 1 ষηΫγϣϯ 1.6ʣɻ ͦ ͷ ͨ Ί ɺ ஠ ૉ ྲྀ ೖ ྔ ͷ ૿ େ ʹ ର ͠ ͯ ɺ ޿ ༿ थ ྛ ͱ দ ྛ Ͱ ͸ ҟ
ͳͬͨ஠ૉϑϩʔͷมԽΛࣔ͢͜ͱ͕༧૝͞ΕΔɻͦ͜ͰɺDHSBR ͷ޿༿थྛ͓Αͼ  93 
দྛͷίϯτϩʔϧ۠ͱ஠ૉఴՃ۠ʹ͓͚Δ஠ૉϑϩʔ଎౓Λࢉग़͠ɺ ྆৿ྛͷҧ͍Λ
ݕ౼͢Δɻ 
 ࠷ޙʹɺࢎੑ৿ྛ౔৕Ͱ͸͠͹͠͹ैଐӫཆੑඍੜ෺ʹΑΔ NO3
–ʢ͋Δ͍͸ NO2
–ʣ
ੜ੒ʢैଐӫཆੑ঳Խʣܦ࿏ͷଘࡏ͕ࣔࠦ͞Ε͍ͯΔʢୈ 1 ষʣ ɻͦ͜ͰຊষͰ͸ಠཱ
ӫཆੑඍੜ෺ʹΑΔ঳Խʢಠཱӫཆੑ঳ԽʣΛ્֐͢Δ͜ͱʹΑͬͯɺैଐӫཆੑ঳Խ
଎౓Λఆྔతʹࢉग़͢Δ͜ͱΛࢼΈΔɻ ಠཱӫཆੑΞϯϞχΞࢎԽ͕ΞηνϨϯ ʢC2H2ʣ
ʹΑ્ͬͯ֐͞ΕΔ͜ͱ͕ࣔ͞ΕͯҎདྷʢHynes and Knowles 1983ʣɺ C2H2͸ಠཱӫཆੑ
঳Խͱैଐӫཆੑ঳ԽΛ۠ผͯ͠ධՁ͢ΔͨΊʹ࠷΋Α͘༻͍ΒΕ͍ͯΔʢDeBoer and 
Kowalchuk 2001ʣɻ C2H2͸ΞϯϞχΞࢎԽࡉەʢAOBʣͷΞϯϞχΞϞϊΦΩγήφʔ
θʢAMOʣ׆ੑΛ્֐͢Δ͜ͱ͕஌ΒΕ͓ͯΓʢHyman and Wood 1985ʣɺ · ͨ Ξ ϯ Ϟ
χΞࢎԽΞʔΩΞʢAOAʣͷ AMO ׆ੑ΋્֐͢Δ͜ͱ͕ࣔࠦ͞Ε͍ͯΔʢOffre et al. 
2009; Lehtovirta et al. 2010ʣɻ ͦ ͜ Ͱ C2H2ͱ
15N ಉҐମرऍ๏ʢୈ 4 ষʣΛซ༻͢Δ͜ͱ
Ͱɺಠཱӫཆੑ঳Խͱैଐӫཆੑ঳Խ଎౓Λఆྔతʹࢉग़͢Δɻ 
 ·ͨɺલষͰ͸λʔήοτͱ͢ΔϓϩηεʢແػԽ͓Αͼ঳Խʣͷੜ੒෺ʢNH4
+͓Α
ͼ NO3
–ʣͷ
15N ΛఴՃͨ͠ޙɺͦͷੜ੒෺ͷೱ౓ͱ
15N/
14N ͷΈΛఆྔͨ͠ɻຊষͰ͸
͞ΒʹɺఴՃͨ͠
15N ΛτϨʔε͢Δ͜ͱʹΑͬͯɺ౔৕தͷ஠ૉϑϩʔΛΑΓৄࡉʹ
ղੳ͢Δɻ 
 
5.2 ํ๏ 
5.2.1 ڙࢼ౔৕ 
 ڙࢼ౔৕͸ɺ2009 ೥ 8 ݄ʹɺDHSBR ͷ޿༿थྛʢίϯτϩʔϧ۠ɺ஠ૉఴՃ۠ʣ ɺ
দྛʢίϯτϩʔϧ۠ɺ஠ૉఴՃ۠ʣ ɺ͓Αͼ HSD ͷ޿༿थྛ͔Β࠾औͨ͠౔৕Ͱ͋Δ
ʢୈ 1 ষɺηΫγϣϯ 1.6ʣɻ ֤ ϓ ϩ ο τ಺ 12 Χॴ͔ͣͭΒ࠾औ͠ɺͦΕͧΕ 2mm ͷ;
Δ͍Λ௨͠ɺͦͷޙɺಉҰϓϩοτ͔Β࠾औͨ͠ 12 ͷ౔৕ΛҰͭʹࠞ߹ͨ͠ɻ͢ͳΘ
ͪɺ1 ͭͷϓϩοτʹ༝དྷ͢Δ 1 ͭͷࠞ߹౔৕αϯϓϧΛڙࢼͨ͠ɻ   94 
 
5.2.2 ౔৕ͷཧԽֶੑ͓Αͼඍੜ෺όΠΦϚεͷଌఆ 
 ౔৕தͷ NH4
+ɺ NO3
!ɺ౔ ৕ ඍ ੜ ෺ ό Π Φ Ϛ ε ஠ ૉʢ soil microbial biomass-N: SMB-Nʣɺ
͓Αͼ༹ଘ༗ػଶ஠ૉʢdissolved organic N: DONʣೱ౓Λଌఆͨ͠ɻNH4
+ɺNO3
!ɺDON
ೱ౓͸ 2 M KCl ༹ӷΛ༻͍ͯɺ SMB-N ʹ͍ͭͯ͸ 0.5 M K2SO4༹ӷΛ༻͍ͯɺ ୈ 4 ষͱ
ಉ༷ʹ౔৕நग़͠ଌఆͨ͠ɻ நग़ӷதͷ NH4
+ೱ౓͸ΠϯυϑΣϊʔϧϒϧʔ๏ ʢKeeney 
and Nelson 1982ʣʹΑͬͯൺ৭ఆྔ͠ɺNO3
!ೱ౓͸୤஠ە๏ʢୈ 3 ষʣʹΑͬͯఆྔ͠
ͨɻDON ೱ౓͸ɺ·ͣશ༹ଘ஠ૉೱ౓ʢTDNʣΛଌఆ͠ʢୈ 3 ষʣ ɺͦͷ஋͔Β NH4
+
ͱ NO3
!ೱ౓ΛҾ͍ͯࢉग़ͨ͠ɻSMB-N ͸ΫϩϩϗϧϜᗉৠ๏ʹΑͬͯଌఆͨ͠ɻ͢ͳ
ΘͪɺΫϩϩϗϧϜᗉৠલޙͷ౔৕தͷ TDN ೱ౓ͷ͔ࠩΒҎԼͷࣜΛ༻͍ͯ SMB-N
ೱ౓ͱͨ͠ɻ܎਺ʢ2.22ʣ͸౔৕؀ڥ෼ੳ๏ʢ2003ʣʹΑΔɻ 
SMB-N=ʢʢ ᗉ ৠ ޙ ͷ TDN-Nʣʵʢᗉৠલͷ TDN-Nʣʣ º 2.22 
౔৕ pH ͸ਫநग़ʹΑΓ pHʢH2O, 1:5ʣͱͯ͠ଌఆ͠ɺશ஠ૉྔ͓Αͼશ୸ૉྔʹ͍ͭ
ͯ͸NCΞφϥΠβʔ ʢSumigraph NC Analyzer NC-90A; Sumika Chemical Analysis Service, 
Ltd., Osaka, JapanʣΛ༻͍ͯଌఆͨ͠ɻ 
 
5.2.3 ஠ૉϑϩʔͷ૯଎౓ଌఆ 
 ֤৿ྛͷ֤ϓϩοτ಺͔Β࠾औࠞ͠߹ͨ͠౔৕αϯϓϧͦΕͧΕ͔Βɺ16 ͷ౔৕α
ϯϓϧʢαϒαϯϓϧɺ20 gʣΛɺผʑʹ޿ޱΨϥεόΠΞϧʢ200 mL, 0501-09, vial No. 
8, Maruemu Corp. Co. Ltd., OsakaɺJapanʣʹೖΕɺ26°C  Ͱ 24 ࣌ؒɺલഓཆͨ͠ɻ͜ͷ
ͱ͖ɺ খ͞ͳ݀Λ਺Χॴʹۭ͚ͨύϥϑΟϧϜͰ޿ޱΨϥεόΠΞϧʹ֖Λͯ͠։์ܥ
ʹͨ͠ɻ ૯ແػԽ଎౓ͷଌఆ͸ҎԼͷखॱͰߦͬͨɻ ʢ1ʣ֤ α ϒ α ϯ ϓ ϧ ʹ 5 mM NH4Cl
ʢ99.3 
15N atom%, SI Science Co., Ltd., Saitama, JapanʣΛ 1 mL Ճ͑ͨɻ
15N ༹ӷ͸౔৕த
ͰۉҰʹ޿͕ΔΑ͏ʹɺγϦϯδʢ25 G " 6 mm, Top Corporation, Tokyo, Japanʣͱࡉ͍
χʔυϧʢ25 G " 6 mm, Top CorporationʣΛ༻͍ͯҰణͣͭՃ͑ɺ౔৕Λ؇΍͔ʹࠞ߹  95 
ͨ͠ɻ ʢ2ʣ16 ͷαϒαϯϓϧͷόΠΞϧΛϒνϧΰϜખͱΞϧϛΩϟοϓͰ֖Λ͠ɺ
16 ͷαϒαϯϓϧͷ͏ͪ 8 ͭʹ C2H2ΨεʢAr : C2H2ʣΛ 1 kPa ʹͳΔΑ͏ʹ 20 mL Ճ
͑ɺ࢒Γͷ 8 ͭʹ Ar ΨεΛ 20 mL Ճ͑ͨʢFigure 5-1ʣɻʢ 3ʣؾ૬ʹͦΕͧΕ C2H2Ψε
͓Αͼ Ar ΨεΛՃ͑ͨαϒαϯϓϧ 8 ͭͷ͏ͪɺ4 ͭ͸ 2 ࣌ؒɺ࢒Γ 4 ͭ͸͞Βʹ 24
࣌ؒɺ͍ͣΕ΋ 26°C ͰΠϯΩϡϕʔτͨ͠ɻ ʢ3ʣΠϯΩϡϕʔτޙɺϒνϧΰϜખͱ
ΞϧϛΩϟοϓΛ։͚ɺΏΔ΍͔ʹࠞ߹͠ɺ౔৕நग़༻ʹ 7g Λԕ৺νϡʔϒʢ50  ml, 
Corning, Corning Inc. NYʣʹೖΕͨɻ࢒Γ͸ DNA ͓Αͼ RNA நग़ʢୈ 6 ষʣ༻ʹӷମ
஠ૉͰౚ݁͠ɺ-80°C Ͱอଘͨ͠ɻ ʢ4ʣ౔৕ΛೖΕͨԕ৺νϡʔϒʹ 2 M KCl ༹ӷΛ 35 
mL Ճ͑ɺ1 ࣌ؒৼͱ͏͠ɺԕ৺ʢ7000 " gɺ10minʣͨ͠ޙɺΨϥεϑΟϧλʔʢGF/F; 
Whatman Int. Ltd.ʣΛ༻͍ͯΖաͨ͠ɻΖӷ͸ 4 °C Ͱอଘͨ͠ɻ 
 ૯঳Խ଎౓ͷଌఆʹ͸ɺ·ͣલड़ͱಉ༷ʹɺ֤৿ྛͷ֤ϓϩοτ಺͔Β࠾औ͠ɺࠞ߹
ͨ͠౔৕αϯϓϧͦΕͧΕ͔Β 16 ͷ౔৕αϯϓϧʢαϒαϯϓϧɺ20  gʣΛɺผʑʹ
޿ޱΨϥεόΠΞϧʹೖΕɺ26°C  Ͱ 24 ࣌ؒલഓཆͨ͠ɻͦͷޙɺ֤αϒαϯϓϧʹ
NH4Cl ͷ୅ΘΓʹ 5mM KNO3ʢ99.3 
15N atom%, SI Science Co., Ltd.ʣΛఴՃ͠ɺ্هͱಉ
༷ͷखॱΛ܁Γฦͨ͠ɻ 
 Ζӷதͷ NH4
+ͱ NO3
–ͷೱ౓ͱ
15N/
14N ͸ୈ 4 ষͰهࡌͨ͠ํ๏ʹΑͬͯଌఆͨ͠ɻ ૯
ແػԽ଎౓ɺ૯ NH4
+ফඅ଎౓ɺ૯঳Խ଎౓ɺ૯ NO3
-ফඅ଎౓͸ɺͦΕͧΕ 2 ͓࣌ؒΑ
ͼ 26 ࣌ؒഓཆͷαϒαϯϓϧதͷ NH4
+ͱ NO3
–ͷೱ౓ ʢ
14N
 + 
15Nʣ͓ Α ͼ
15N/
14N Λ༻͍
ͯɺ ୈ4ষͰهࡌͨ͠ํ๏ͱಉ༷ʹࢉग़ͨ͠ɻ ຊষͰର৅ͱͨ͠ϓϩηεʹ͍ͭͯFigure 
5-2 ʹࣔ͢ɻ 
 
5.2.4 ౷ܭղੳ 
 ౔৕ͷ஠ૉϑϩʔ଎౓ͷඪ४ޡࠩ͸ɺ2 ͓࣌ؒΑͼ 26 ࣌ؒഓཆͷαϒαϯϓϧதͷ
NH4
+ͱ NO3
–ͷೱ౓ʢ
14N
 + 
15Nʣ͓Αͼ
15N/
14N ͷฏۉ஋ͱඪ४ޡࠩΛ΋ͱʹɺޡࠩ఻೻
ࣜʢLuxhøi and Brochhoff 2004ʣΛ༻͍ͯࢉग़ͨ͠ɻ৿ྛؒͷ஠ૉϑϩʔ଎౓ͷ༗ҙࠩ  96 
ݕఆ͸ೋ࣍ݩ෼ࢄ෼ੳʢtwo-way analysis of variance (ANOVA) with Turkey’s testʣ͓Αͼ
Ұ࣍ݩ෼ࢄ෼ੳʢone-way analysis of variance (ANOVA) with Turkey’s testʣͰߦͬͨɻ͢
ͳΘͪɺҟͳΔαΠτʹ͓͚Δίϯτϩʔϧ۠ؒʹ͓͚Δൺֱɺ͓ΑͼಉҰαΠτ಺ͷ
ίϯτϩʔϧ۠ͱ஠ૉఴՃ۠ʹ͓͚Δൺֱʹ͍ͭͯ͸ೋ࣍ݩ෼ࢄ෼ੳΛ༻͍ͯ౷ܭղ
ੳΛߦͬͨɻ·ͨɺ७঳Խ଎౓͓Αͼ૯঳Խ଎౓ͱ NO3
–ೱ౓ͱͷؒͰ૬ؔ෼ੳΛߦͬ
ͨɻ# Ϩϕϧ 0.05 Λ༗ҙࠩͷࢦඪͱͨ͠ɻp ஋ʹ͍ͭͯ͸<0.05ɺ<0.01ɺ<0.001 Λهड़
ͨ͠ɻશͯͷ౷ܭղੳ͸ R softwareʢR Development Core Team 2007ʣΛ༻͍ͯߦͬͨɻ  
 
5.3  ݁Ռ 
5.3.1 ౔৕ͷཧԽֶੑͱඍੜ෺όΠΦϚε 
 DHSBR ͷ޿༿थྛʢίϯτϩʔϧ۠ɺ஠ૉఴՃ۠ʣ ɺদྛʢίϯτϩʔϧ۠ɺ஠ૉఴ
Ճ۠ʣ ɺ ͓Αͼ HSD ͷ޿༿थྛ͔Β࠾औͨ͠౔৕ͷ pH ͓Αͼ NH4
+ɺ NO3
-ɺ DONɺ SMB-Nɺ
શ஠ૉೱ౓ʢTotal nitrogen: T-Nʣɺ CN ൺʢC/NʣΛ Table 5-1 ʹࣔ͢ɻDHSBR ʹ͓͍ͯɺ
2008 ೥࠾औ౔৕ͱಉ༷ʹɺ޿༿थྛͷ NO3
-ೱ౓͸দྛΑΓߴ͔ͬͨɻͨͩ͠ɺNH4
+ೱ
౓ʹ͍ͭͯ͸দྛͷํ͕޿༿थྛΑΓߴ͔ͬͨɻ HSD ͷ޿༿थྛͷ NO3
-ೱ౓͸ DHSBR
ͷ޿༿थྛΑΓ௿͘ɺদྛͱಉఔ౓Ͱ͋ͬͨɻDON ೱ౓͸ DHSBR ͓Αͼ HSD ͷ޿༿
थྛʹ͓͍ͯɺDHSBR ͷদྛΑΓߴ͔ͬͨɻSMB-N ೱ౓΋ DHSBR ͓Αͼ HSD ͷ޿
༿थྛʹ͓͍ͯ DHSBR ͷদྛΑΓ΋ߴ͔ͬͨɻ·ͨ DHSBR ͷ޿༿थྛʹ͓͍ͯɺ஠
ૉఴՃ۠ͷ SMB-N ೱ౓͸ίϯτϩʔϧ۠ΑΓখ͔ͬͨ͞ɻT-N ೱ౓͸ DHSBR ͷ޿༿
थྛʹ͓͍ͯ HSD ͷ޿༿थྛ͓Αͼ DHSBR ͷদྛΑΓ΋ߴ͔ͬͨɻC/N ͸ɺDHSBR
ͷদྛͷίϯτϩʔϧ۠Ͱ͸޿༿थྛΑΓ΋ߴ͔͕ͬͨɺ ಉ͡দྛͷ஠ૉఴՃ۠Ͱ͸޿
༿थྛͱಉఔ౓Ͱ͋ͬͨɻ 
 
5.3.2 ౔৕தͷ
15N ಈଶ 

15N ಉҐମرऍ๏ʹ͓͍ͯ
15NH4
+͓Αͼ
15NO3
–ΛఴՃͨ͠ޙͷɺഓཆ 2 ͓࣌ؒΑͼ 26  97 
࣌ؒʹ͓͚Δ NH4
+ͱ NO3
–ͷ
15N ೱ౓Λ Table 5-2 ʹࣔ͢ɻ·ͣɺ
15NO3
–ΛఴՃͨ͠ܥʢ+ 
15NO3
–ɺTable 5-2ʣʹ͍ͭͯɺશͯͷϓϩοτͷ౔৕ʹ͓͍ͯɺ
15NH4
+ೱ౓͸ 2 ࣌ؒͱ
26 ࣌ؒͷؒͰมԽ͠ͳ͔ͬͨɻ͢ͳΘͪ
15NO3
–͔Βͷ
15NH4
+ͷੜ੒͸ݟΒΕͳ͔ͬͨɻ
ଓ͍ͯɺ
15NH4
+ΛఴՃ͠ C2H2Λॆరͨ͠ܥʢ+ 
15NO3
– + C2H2ɺTable 5-2ʣʹ͍ͭͯɺશ
ͯͷϓϩοτͷ౔৕ʹ͓͍ͯɺ
15NO3
–ೱ౓͸ 2 ࣌ؒͱ 26 ࣌ؒͷؒͰมԽ͠ͳ͔ͬͨɻ
͢ͳΘͪɺC2H2ʹΑΓಠཱӫཆੑ঳ԽΛ્֐ͨ͠ܥʹ͓͍ͯɺ
15NH4
+͔Βͷ
15NO3
+ͷੜ
੒͸ݟΒΕͳ͔ͬͨɻ 
 
5.3.3 ౔৕தͷ஠ૉϑϩʔ଎౓ 

15N ಉҐମرऍ๏ʹΑΓࢉग़ͨ͠૯ແػԽ଎౓Λ Figure 5-3ʢAʣʹɺ૯঳Խ଎౓͓Α
ͼ૯ैଐӫཆੑ঳Խ଎౓Λ Figure 5-3ʢBʣʹɺ૯ NH4
+ෆಈԽ଎౓ɺ૯ NO3
–ෆಈԽ଎౓
͓Αͼ૯ NʢNH4
+ + NO3
–ʣෆಈԽ଎౓Λ Figure 5-3ʢCʣʹɺͦΕͧΕࣔ͢ɻ·ͨɺ֤
৿ྛ౔৕ͷ஠ૉϑϩʔͷ֓೦ਤΛ Tietema and Wesselʢ1992ʣ͓Αͼ Tietemaʢ1998ʣʹ
ͳΒͬͯ Figure 5-4 ʹࣔ͢ɻ 
 ·ͣɺDHSBR ͷ޿༿थྛͱদྛͷίϯτϩʔϧ۠ʹ͓͚Δ஠ૉϑϩʔ଎౓Λೋ࣍ݩ
෼ࢄ෼ੳʹΑΓൺֱ͢Δɻ૯ແػԽ଎౓ʹ͍ͭͯɺDHSBR ͷ৿ྛؒɺ͢ͳΘͪ޿༿थ
ྛίϯτϩʔϧ۠ʢ2.4 mg N kg-soil
-1 day
-1ʣͱদྛίϯτϩʔϧ۠ʢ2.5 mg N kg-soil
-1 
day
-1ʣͱͷؒͰ༗ҙࠩ͸ݟΒΕͳ͔ͬͨɻ·ͨ૯ NH4
+ෆಈԽ଎౓ʹ͍ͭͯ΋޿༿थྛ
ίϯτϩʔϧ۠ ʢ2.0 mg N kg-soil
-1 day
-1ʣͱ দ ྛ ί ϯ τ ϩ ʔ ϧ ۠ʢ 1.7 mg N kg-soil
-1 day
-1ʣ
ͱͷؒͰɺ૯ NO3
–ෆಈԽ଎౓ʹ͍ͭͯ΋޿༿थྛίϯτϩʔϧ۠ʢ0.9 mg N kg-soil
-1 
day
-1ʣͱদྛίϯτϩʔϧ۠ʢ0.7 mg N kg-soil
-1 day
-1ʣͱͷؒͰ༗ҙࠩ͸ݟΒΕͳ͔ͬ
ͨɻҰํɺ૯঳Խ଎౓ʹ͍ͭͯ͸ɺ޿༿थྛίϯτϩʔϧ۠ʢ2.1 mg N kg-soil
-1 day
-1ʣ
Ͱ͸ɺদྛίϯτϩʔϧ۠ʢ0.7 mg N kg-soil
-1 day
-1ʣʹൺ΂ͯେ͖͔ͬͨʢp<0.001ʣɻ
·ͨɺHSD ͷ޿༿थྛʹ͓͍ͯɺ૯ແػԽ଎౓ʢ3.3 mg N kg-soil
-1 day
-1ʣ͸ DHSBR ͷ
޿༿थྛͱদྛͷίϯτϩʔϧ۠ͱൺֱͯ͠େ͖͔ͬͨʢp<0.01ʣɻ ૯ ঳ Խ ଎ ౓ ʢ 1.6 mg   98 
N kg-soil
-1 day
-1ʣ͸ DHSBR ͷ޿༿थྛίϯτϩʔϧ۠ΑΓখ͍͕͞ʢp<0.001ʣɺ দ ྛ ί
ϯτϩʔϧ۠ΑΓେ͖͔ͬͨ ʢp<0.01ʣɻ· ͨ ૯ NH4
+ෆಈԽ଎౓ ʢ1.9 mg N kg-soil
-1 day
-1ʣ
͓Αͼ૯ NO3
–ෆಈԽ଎౓ʢ1.2 mg N kg-soil
-1 day
-1ʣʹ͍ͭͯ͸޿༿थྛͱদྛͷίϯτ
ϩʔϧ۠ͱಉఔ౓Ͱ͋ͬͨɻ 
 ଓ͍ͯɺDHSBR ͷ޿༿थྛͱদྛʹ͓͚Δίϯτϩʔϧ۠ͱ஠ૉఴՃ۠Λೋ࣍ݩ෼
ࢄ෼ੳʹΑΓൺֱ͢Δɻ૯ແػԽ଎౓ʹ͍ͭͯɺ޿༿थྛͷ஠ૉఴՃ۠ʢ1.9 mg N 
kg-soil
-1 day
-1ʣͰ͸ίϯτϩʔϧ۠ʹൺ΂ͯখ͔͕ͬͨ͞ʢp<0.01ʣɺ দ ྛ Ͱ ͸ ஠ ૉ ఴ Ճ
۠ʢ2.5 mg N kg-soil
-1 day
-1ʣͱίϯτϩʔϧ۠Ͱ༗ҙࠩ͸ݟΒΕͳ͔ͬͨɻ૯঳Խ଎౓
ʹ͍ͭͯɺ޿༿थྛͰ͸஠ૉఴՃ۠ʢ2.3 mg N kg-soil
-1 day
-1ʣͱίϯτϩʔϧ۠ͱͷؒ
ʹ༗ҙࠩ͸ݟΒΕͳ͔ͬͨɻ ͦͷҰํɺ দྛʹ͓͍ͯ஠ૉఴՃ۠ ʢ0.1 mg N kg-soil
-1 day
-1ʣ
Ͱ͸ίϯτϩʔϧ۠ʹൺ΂ͯ༗ҙʹখ͔ͬͨ͞ʢp<0.01ʣɻ ૯ NH4
+ෆಈԽ଎౓͸ɺ޿༿
थྛͷ஠ૉఴՃ۠ʢ1.0 mg N kg-soil
-1 day
-1ʣͰ͸ίϯτϩʔϧ۠ʹൺ΂ͯ༗ҙʹখ͍͞
͕ʢp<0.001ʣɺ দ ྛ Ͱ ͸ ஠ ૉ ఴ Ճ ۠ ʢ 3.1 mg N kg-soil
-1 day
-1ʣͷํ͕༗ҙʹେ͖͔ͬͨ
ʢp<0.001ʣɻ Ұ ํ ɺ ૯ NO3
–ෆಈԽ଎౓͸ɺ޿༿थྛͱদྛͱ΋ʹɺ஠ૉఴՃ۠ʢ0.2, 0.2 
mg N kg-soil
-1 day
-1ʣͰ͸ίϯτϩʔϧ۠ʹൺ΂ͯ༗ҙʹখ͔ͬͨ͞ʢp<0.05ʣɻ ݁ Ռ ͱ
ͯ͠ɺ૯ N ෆಈԽ଎౓͸ɺ޿༿थྛͷ஠ૉఴՃ۠ʢ1.2 mg N kg-soil
-1 day
-1ʣͰ͸ίϯτ
ϩʔϧ۠ʹൺ΂ͯ༗ҙʹখ͍͕͞ʢp<0.001ʣɺ দ ྛ Ͱ ͸ ஠ ૉ ఴ Ճ ۠ ʢ 3.3 mg N kg-soil
-1 
day
-1ʣͷํ͕༗ҙʹେ͖͔ͬͨʢp<0.05ʣɻ  
 ଓ͍ͯɺಠཱӫཆੑ঳Խͱैଐӫཆੑ঳Խʹ͍ͭͯड़΂ΔɻC2H2ʹΑͬͯಠཱӫཆ
ੑ঳ԽΛ્֐ͨ͠ܥʹ͓͍ͯɺDHSBR ͷ޿༿थྛίϯτϩʔϧ۠ʢ0.4 mg N kg-soil
 -1 
day
-1ʣɺ দ ྛ ஠ ૉ ఴ Ճ ۠ ʢ 0.6 mg N kg-soil
 -1 day
-1ʣ͓Αͼ HSD ޿༿थྛʢ0.2 mg N kg-soil
 
-1 day
-1ʣͰ঳ࢎੜ੒͕ݟΒΕͨʢFigure. 5-3ʣɻ ߴ ͍ ঳ Խ ׆ ੑ ͕ ݟ Β Ε ͨ DHSBR ͷ޿༿
थྛίϯτϩʔϧ͓۠Αͼ HSD ޿༿थྛʹ͓͍ͯ͸ɺͱ΋ʹ૯঳Խ଎౓ͷ 80%͕ C2H2
ʹΑ્ͬͯ֐͞ΕͨͨΊɺ80%ఔ౓͕ಠཱӫཆੑඍੜ෺ʹΑΔ঳Խͱߟ͑ΒΕͨɻ 
 ࠷ޙʹɺTable 5-3 ʹ७঳Խ଎౓ʢ=  ૯঳Խ଎౓  –  ૯ NO3
–ෆಈԽ଎౓ʣΛࣔ͢ɻ৿ྛ  99 
ؒΛൺֱ͢Δͱɺ७঳Խ଎౓͸ DHSBR ͷ޿༿थྛʹ͓͍ͯɺদྛʹൺ΂ͯஶ͘͠େ͖
͔ͬͨɻদྛͰ͸૯঳Խ଎౓ͱ૯ NO3
–ෆಈԽ଎౓͕ಉఔ౓Ͱ͋ΔͨΊʹɺਖ਼ຯͷ NO3
–
ੜ੒͸ݟΒΕͳ͔ͬͨɻDHSBR ͷ޿༿थྛͱদྛʹ͓͚Δίϯτϩʔϧ۠ͱ஠ૉఴՃ
۠Λൺֱ͢Δͱɺ७঳Խ଎౓͸޿༿थྛͱদྛͱ΋ʹɺίϯτϩʔϧ۠ͱ஠ૉఴՃ۠Ͱ
༗ҙࠩ͸ݟΒΕͳ͔ͬͨɻ·ͨɺDHSBR ͷ޿༿थྛʢίϯτϩʔϧ۠ɺ஠ૉఴՃ۠ʣ ɺ
দྛʢίϯτϩʔϧ۠ɺ஠ૉఴՃ۠ʣ ɺ͓Αͼ HSD ͷ޿༿थྛʹ͓͍ͯɺ७঳Խ଎౓ͱ
NO3
–ೱ౓ͷؒʹਖ਼ͷ૬͕ؔݟΒΕͨʢFigure 5-5ɺp<0.01ɺNO3
– concentration = 5.3 " net 
nitrification rate +6.6ɺR
2=0.93ʣɻ Ұ ํ ɺ ૯঳Խ଎౓ͱ NO3
–ೱ౓ͷؒʹ͸ਖ਼ͷ૬͕ؔݟΒ
Εͳ͔ͬͨʢp=0.1ʣɻ  
 
5.4 ߟ࡯ 
5.4.1 ৿ྛؒʢίϯτϩʔϧ۠ʣʹ͓͚Δ஠ૉϑϩʔͷൺֱ 
 DHSBR ͷ޿༿थྛͱদྛͷίϯτϩʔϧ۠ʹ͓͚Δ஠ૉϑϩʔ଎౓Λൺֱ͢Δɻ·
ͣ NH4
+ੜ੒ϓϩηεʹ͍ͭͯɺ શͯͷϓϩοτͷ౔৕Ͱ
15NO3
–͔Βͷ
15NH4
+ͷੜ੒͸ݟ
ΒΕͳ͔ͬͨ͜ͱ͔ΒʢTable 5–2ʣɺ NH4
+ੜ੒͸༗ػଶ஠ૉͷແػԽʹΑΔ΋ͷͱߟ͑
ΒΕͨɻͦͷ૯ແػԽ଎౓͸ɺDHSBR ͷ޿༿थྛίϯτϩʔϧ۠ͱদྛίϯτϩʔϧ
۠ͷؒͰ༗ҙࠩ͸ݟΒΕͳ͔ͬͨʢFigure 5-3, 5-4ʣɻ ૯ NH4
+ෆಈԽ଎౓͓Αͼ૯ NO3
–
ෆಈԽ଎౓ʹ͍ͭͯ΋ɺ ޿༿थྛίϯτϩʔϧ۠ͱদྛίϯτϩʔϧ۠ͷؒͰ༗ҙࠩ͸
ݟΒΕͳ͔ͬͨʢFigure 5-3, 5-4ʣɻ Ұ ํ Ͱ ɺ ޿ ༿ थ ྛ ͷ ૯ ঳ Խ ଎ ౓ ͸ দ ྛ ʹ ൺ ΂ ͯ ߴ ͔
ͬͨ ʢFigure 5-3, 5-4ʣɻ ͜ Ε Β 2009 ೥ͷՆظʹ࠾औ͞Εͨ౔৕͔ΒಘΒΕͨ஠ૉϑϩʔ
ͱɺ 2008 ೥ͷՆظʹ࠾औ͞Εͨ౔৕͔ΒಘΒΕͨ஠ૉϑϩʔ ʢୈ 4 ষʣ Λൺֱ͢Δͱɺ
֤ϓϩηεͷ଎౓͸ҟͳΔ΋ͷͷɺ૯ແػԽ଎౓͓Αͼ૯ NʢNH4
+ɾNO3
–ʣෆಈԽ଎౓
ʹ͸৿ྛؒʹେ͖ͳࠩ͸ݟΒΕͳ͍͕૯঳Խ଎౓͸޿༿थྛͰদྛ͓Αͼࠞ߹ྛΑΓ
΋େ͖͍ͱ͍͏ڞ௨ͷ܏޲͕ೝΊΒΕΔɻDHSBR ͷ޿༿थྛ͓Αͼদྛͷ౔৕தͷ
NH4
+ೱ౓͓Αͼ NO3
–ೱ౓͕قઅΛ௨͡มಈ͢Δ͜ͱʢFang et al. 2006ʣΛߟྀʹೖΕΔ  100 
ͱɺ্هͷ܏޲͕೥ؒΛ௨ͯ҆͡ఆͰ͋Δ͔Ͳ͏͔ෆ໌͕ͩɺগͳ͘ͱ΋౔৕ͷ࠾औ࣌
ظͰ͋ͬͨՆظʹ͓͍ͯ͸ݟΒΕΔಛ௃Ͱ͋Δͱߟ͑ΒΕΔɻ 
 ୈ 4 ষͰ͸ɺ ৿ྛؒͷ஠ૉ๞࿨ఔ౓ͷҧ͍Λɺ NH4
+ͷফඅϓϩηεͰ͋Δ঳Խͱ NH4
+
ෆಈԽʢओʹඍੜ෺ʹΑΔಉԽʣͷόϥϯεͷ؍఺͔Βߟ࡯ͨ͠ɻ2009 ೥࠾औ౔৕ʹ
͍ͭͯɺDHSBR ͷ޿༿थྛʢίϯτϩʔϧ۠ɺ஠ૉఴՃ۠ʣ ɺদྛʢίϯτϩʔϧ۠ɺ
஠ૉఴՃ۠ʣ ɺ ͓Αͼ HSD ͷ޿༿थྛͷ૯঳Խ଎౓ͱ૯ NH4
+ෆಈԽ଎౓ͷൺΛ Table5–3
ʹࣔ͢ɻDHSBR ʹ͓͍ͯɺ༏઎͢Δ NH4
+ͷফඅϓϩηε͸޿༿थྛͱদྛͰҟͳΓɺ
޿༿थྛͰ͸঳ԽɺদྛͰ͸ NH4
+ෆಈԽͰ͋ͬͨʢFigure 5-3, 5-4ʣɻ ݁ Ռ ͱ ͠ ͯ ɺ ७঳
Խ଎౓ͷ NH4
+ෆಈԽ଎౓ʹର͢Δൺ͸ɺদྛίϯτϩʔϧ۠ʢ0.6ʣΑΓ޿༿थྛίϯ
τϩʔϧ۠ʢ1.1ʣʹ͓͍ͯஶ͘͠ߴ͔ͬͨʢTable 4-2ʣɻ ͦ ͷ ͨ Ί ɺ DHSBR ͷ޿༿थྛ
͸দྛʹൺ΂ͯɺΑΓ஠ૉ͕๞࿨͍ͯ͠Δঢ়ଶʹ͋Δ͜ͱ͕ࣔࠦ͞Εͨɻ͜ΕΒͷ݁Ռ
͸ 2008 ೥࠾औ౔৕ʢୈ 4 ষʣ͔ΒಘΒΕͨ݁Ռͱಉ༷Ͱ͋Δɻ·ͨ HSD ͷ޿༿थྛʹ
͓͚Δ૯঳Խ଎౓ͷ NH4
+ෆಈԽ଎౓ʹର͢Δൺʢ0.7ʣ͸ DHSBR ͷ޿༿थྛίϯτϩ
ʔϧʹ͓͚ΔൺΑΓখ͘͞ɺ ஠ૉྲྀೖྔ͕ଟ͍ DHSBR ޿༿थྛͷํ͕ɺ HSD ޿༿थྛ
ʹൺ΂ͯɺΑΓ஠ૉ͕๞࿨͍ͯ͠Δঢ়ଶʹ͋Δͱߟ͑ΒΕͨɻ৿ྛؒͷ஠ૉ๞࿨ఔ౓ͷ
ࠩҟʹ͍ͭͯɺ࣍ͷηΫγϣϯʢ5.4.2ʣʹ͓͍ͯίϯτϩʔϧ۠ͱ஠ૉఴՃ۠ʹ͓͚Δ
஠ૉϑϩʔͷࠩҟʹ΋ͱ͍ͮͯ͞Βʹߟ࡯͢Δɻ 
 Ұൠʹ NH4
+ͱ NO3
!ͷෆಈԽ͕৿ྛ౔৕தͷओͳ஠ૉอ࣋ϓϩηεͰ͋ΔɻNH4
+ෆಈ
Խ଎౓͸ DHSBR ͷ޿༿थྛίϯτϩʔϧ۠ͱদྛίϯτϩʔϧ۠ͷؒͰࠩ͸ͳ͘ɺ ͱ
΋ʹ NO3
!ෆಈԽ଎౓ΑΓେ͖͔ͬͨʢFigure 5-3, 5-4ʣɻ ͠ ͨ ͕ ͬ ͯ ɺ NH4
+ͷෆಈԽ͕
DHSBR ͷ 3 ͭͷ৿ྛ౔৕ͷओͳ஠ૉอ࣋ϓϩηεͩͱߟ͑ΒΕͨɻ͜ͷ݁Ռ͸ 2008
೥࠾औ౔৕ʢୈ 4 ষʣ͔ΒಘΒΕͨ݁Ռͱಉ༷Ͱ͋Δɻ͔͠͠ɺ2008 ೥࠾औ౔৕Ͱ͸
૯ NO3
!ෆಈԽ଎౓͕૯ N ෆಈԽ଎౓ʹରͯ͠ɺ΄ͱΜͲແࢹͰ͖Δఔ౓ͩͬͨͷʹର
ͯ͠ɺ2009 ೥ʹ࠾औͨ͠౔৕Ͱ͸ɺ૯ NO3
!ෆಈԽ଎౓͕૯ N ෆಈԽ଎౓ͷ 30%ఔ౓Λ
઎Ί͍ͯͨʢFigure 5-3, 5-4ʣɻ ͜ ͷ ͜ ͱ ͔ Β NH4
+͚ͩͰͳ͘ɺNO3
!ͷෆಈԽ΋ॏཁͳ஠  101 
ૉอ࣋ϓϩηεͩͱߟ͑ΒΕͨɻHSD ͷ޿༿थྛʹ͍ͭͯ΋ɺ૯ NO3
!ෆಈԽ଎౓͕૯
N ෆಈԽ଎౓ͷ 40%ఔ౓Λ઎ΊʢFigure 5-3, 5-4ʣɺ NH4
+ͷෆಈԽͱ NO3
!ͷෆಈԽͷ྆ํ
͕ॏཁͳ஠ૉอ࣋ϓϩηεͩͱߟ͑ΒΕͨɻ 
 ७঳Խ଎౓͸ɺ޿༿थྛͰদྛΑΓஶ͘͠େ͖͘ɺશͯͷϓϩοτͷ౔৕ʹ͓͍ͯ७
঳Խ଎౓ͱ NO3
–ೱ౓ͱͷؒʹਖ਼ͷ૬͕ؔݟΒΕͨʢFigure 5-5ʣɻ ͜ ͷ ͜ ͱ ͔ Β ɺ ޿ ༿ थ
ྛ౔৕ʹ͓͍ͯ౔৕தͷ NO3
–͕ߴ͍ͷ͸ɺߴ͍७঳Խ଎౓ɺ͢ͳΘͪ૯঳Խ଎౓͕૯
NO3
!ෆಈԽ଎౓ʹൺ΂ͯஶ͘͠େ͖͍͜ͱʹىҼ͢Δ͜ͱ͕ڧࣔࠦ͘͞Εͨɻ͜Ε͸
2008 ೥࠾औ౔৕͔ΒಘΒΕͨ݁Ռʢୈ 4 ষʣͱಉ༷Ͱ͋ΔɻͦͷҰํͰɺ2009 ೥࠾औ
౔৕Ͱ͸૯ NO3
!ෆಈԽ଎౓͕େ͖͍ͨΊʹɺ૯঳Խ଎౓ͱ NO3
–ೱ౓ͷؒʹ͸૬͕ؔݟ
ΒΕͳ͔ͬͨɻ͢ͳΘͪ౔৕தͷ NO3
–ೱ౓͸ɺ૯঳Խ଎౓ͱ૯ NO3
–ෆಈԽ଎౓ʹΑͬ
ͯେ͖͘ίϯτϩʔϧ͞Ε͍ͯΔͱߟ͑ΒΕΔɻ 
 
5.4.2 ஠ૉఴՃ͓۠Αͼίϯτϩʔϧ۠ʹ͓͚Δ஠ૉϑϩʔͷൺֱ 
 DHSBR ͷ޿༿थྛ͓Αͼদྛͷ஠ૉఴՃ۠ͱίϯτϩʔϧ۠ʹ͓͚Δ౔৕ඍੜ෺ό
ΠΦϚε΍஠ૉϑϩʔ଎౓Λൺֱ͢Δ͜ͱͰɺ ஠ૉྲྀೖྔͷ૿େʹͱ΋ͳ͏஠ૉϑϩʔ
ͷมԽ͓Αͼ৿ྛͷ஠ૉ๞࿨ఔ౓ʹ͍ͭͯߟ࡯͢Δɻ 
 ஠ૉఴՃ۠ͱίϯτϩʔϧ۠ͷൺֱ͔Βɺ޿༿थྛͱদྛͰ͸ɺ஠ૉྲྀೖྔͷ૿Ճʹ
ͱ΋ͳ͏౔৕ඍੜ෺όΠΦϚεͷมԽͱ N ෆಈԽ଎౓ͷมԽ͕ɺҟͳΔ܏޲Λ΋ͭ͜
ͱ͕ࣔ͞Εͨɻ·ͣɺ౔৕ඍੜ෺όΠΦϚε஠ૉʹ͍ͭͯɺ޿༿थྛͰ͸ίϯτϩʔϧ
۠ΑΓ஠ૉఴՃ۠ʹ͓͍ͯখ͔͕ͬͨ͞ɺদྛͰ͸༗ҙࠩ͸ͳ͔ͬͨʢTable 5-1ʣɻ Mo 
et al.ʢ2008ʣ͸ DHSBR ͷ޿༿थྛͱদྛͷ஠ૉఴՃ͓۠Αͼίϯτϩʔϧ۠ͷ౔৕ඍ
ੜ෺όΠΦϚε୸ૉʹ͍ͭͯɺಉ༷ͷ݁ՌΛใࠂ͍ͯ͠ΔɻҰํɺ૯ NʢNH4
+ +NO3
–ʣ
ෆಈԽ଎౓ʹ͍ͭͯ͸ɺ ޿༿थྛʹ͓͍ͯ஠ૉఴՃ۠Ͱ͸ίϯτϩʔϧ۠ͷ 42%ఔ౓ʹ
ݮগͨ͠ͷʹରͯ͠ɺদྛʹ͓͍ͯ͸ 136%ఔ౓ʹ૿Ճͨ͠ʢFigure 5-3ʣɻ ஠ ૉ Λ ಉ Խ
ʢෆಈԽʣ͢Δ౔৕ඍੜ෺όΠΦϚε͕ݮগ͢Δ͜ͱʹΑͬͯɺ஠ૉෆಈԽ଎౓͕௿Լ  102 
͢Δʢ͋Δ͍͸ɺ஠ૉಉԽ଎౓͕௿Լ͢Δ͜ͱʹΑͬͯ౔৕ඍੜ෺όΠΦϚε͕ݮগ͢
Δʣ͜ͱ͸ਪ࡯Ͱ͖Δɻطԟݚڀʹ͓͍ͯ΋ଟ͘ͷ৿ྛੜଶܥʹ͓͍ͯɺ஠ૉఴՃ௚ޙ
͸஠ૉ੍ݶ৚݅Լʹ͋ΔͨΊඍੜ෺όΠΦϚε͕૿Ճ͢Δ͕ʢHart and Stark 1997: 
Zhang and Zak 1998ʣɺ ௕ ظ ʹ Θ ͨ Δ ఴ Ճ ʹ Α ͬ ͯ ݮ গ ͢ Δ ͜ ͱ ͕ ใ ࠂ ͞ Ε ͯ ͍ Δ
ʢSoderstrom et al. 1983: Nohrstedt et al. 1989: Smolander et al. 1994: Arnebrant et al. 1996: 
Fisk and Fahey 2001: Corre et al. 2003: Lee and Jose 2003: DeForest et al. 2004: Compton et al. 
2004; Wallenstein et al. 2005ʣɻ · ͨ ɺ Aber et al.ʢ1992ʣ͸஠ૉ੍ݶԼʹ͓͍ͯ͸৿ྛ౔
৕தͷ N ෆಈԽ଎౓͸஠ૉྲྀೖྔͷ૿େʹԠͯ͡૿Ճ͢Δ͕ɺ৿ྛ͕ۃΊͯ஠ૉ๞࿨
ͷঢ়ଶʢFigure1-5ɿεςʔδ 3ʣʹͳΔͱݮগ͢ΔՄೳੑΛࢦఠ͍ͯ͠Δɻ͜ΕΒͷ݁
Ռ͔Βɺ޿༿थྛ͸஠ૉ๞࿨ঢ়ଶɺಛʹͦͷ࠷ऴஈ֊ʢεςʔδ 3ʣʹ͋Δͱߟ͑ΒΕ
ΔҰํͰɺদྛ͸஠ૉྲྀೖྔͷ૿େʹԠͯ͡ɺ૯ N ෆಈԽ଎౓͕૿Ճ͍ͯ͠Δ͜ͱ͔
Βɺະͩʹ஠ૉ੍ݶঢ়ଶͰ͋Δ͜ͱ͕ࣔࠦ͞ΕΔɻ͞Βʹࠓޙ༧૝͞ΕΔେؾ͔Βͷ஠
ૉෛՙͷ૿େʹͱ΋ͳ͍ɺ ஠ૉ๞࿨ྛͰ͋Δ޿༿थྛʹ͓͍ͯ͸஠ૉ੍ݶྛͰ͋Δদྛ
ʹൺ΂ͯɺ ౔৕ඍੜ෺όΠΦϚεͷݮগͱ஠ૉෆಈԽೳͷ௿Լͱ͍ͬͨෛͷӨڹ͕ΑΓ
ૣ͘දΕΔͱ༧ଌ͞ΕΔɻ 
 ૯ NO3
–ෆಈԽ଎౓ʹ͍ͭͯɺ޿༿थྛɺদྛͱ΋ʹɺ஠ૉఴՃ۠ʹ͓͍ͯίϯτϩ
ʔϧ۠ʹൺ΂ͯ௿͍͜ͱ͕ࣔ͞ΕͨʢFigure 5-3, 5-4ʣɻ ͜ Ε ʹ ண ໨ ͠ ͯ ɺ NO3
–ͷಈଶ
ʢturnover rateʣΛࣔͨ͢Ίʹlݟ͔͚ͷz଺ཹ࣌ؒʢpsuedo-residense time, Frissel, 1981ʣ
Λࢉग़ͨ͠ɻNO3
–ೱ౓Λ૯ NO3
–ෆಈԽ଎౓Ͱׂͬͨ஋͕ɺNO3
–͕ෆಈԽ͞ΕΔ·Ͱͷ
ݟ͔͚ͷ଺ཹ࣌ؒͱͳΔʢTietema and Wessel, 1992ʣɻ ࣮ ࡍ ʹ ͸ ෆ ಈ Խ Ҏ ֎ ʹ ΋ ༹ ୤ ΍ ২
෺ͷٵऩͳͲͷϓϩηεʹΑͬͯ NO3
–͕ফඅ͞ΕΔͨΊɺෆಈԽ·Ͱͷ଺ཹ࣌ؒΛਖ਼
֬ʹද͍ͯ͠Δ༁Ͱ͸ͳ͍͕ɺݟ͔͚ͷ଺ཹ࣌ؒ͸౔৕தͷ NO3
–͕ෆಈԽ͞ΕΔ·Ͱ
ʹͲΕ͚ͩͷ͕͔͔࣌ؒΔ͔Λ஌ΔࢦඪͱͳΔɻͦͷ NO3
–ͷݟ͔͚ͷ଺ཹ࣌ؒΛ
Table5–3 ʹࣔ͢ɻNO3
–ͷݟ͔͚ͷ଺ཹ࣌ؒ͸ɺ޿༿थྛɺদྛͱ΋ʹɺ஠ૉఴՃ۠ͷํ
͕ίϯτϩʔϧ۠ΑΓେ͖͍ɻͭ·Γɺ஠ૉఴՃ۠Ͱ͸ίϯτϩʔϧ۠ʹൺ΂ͯ NO3
–  103 
͕౔৕தͰෆಈԽ͞ΕΔ·Ͱʹ͕͔͔࣌ؒΔɻͦΕΏ͑ɺੜ੒͋Δ͍͸େؾ͔Βྲྀೖ͠
ͨ NO3
–͸ NO3
–ͷ··౔৕தʹ௕͘଺ཹ͠ɺ߱Ӎ౳ʹΑΔਫͷҠಈʹͱ΋ͳͬͯྲྀग़͠
΍͘͢ͳΔͱߟ͑ΒΕΔɻ·ͨಉ͡޿༿थྛͰ΋ɺ஠ૉྲྀೖྔ͕ΑΓଟ͍ DHSBR Ͱ͸
HSD ʹൺ΂ͯݟ͔͚ͷ଺ཹ͕࣌ؒ௕͔ͬͨʢTable 5-3ʣɻ ͜ Ε Β ͷ ݁ Ռ ͸ ɺ ஠ ૉ ྲྀ ೖ ྔ
ͷ૿େʹԠͯ͡ɺ૯ NO3
–ෆಈԽ଎౓͕খ͘͞ͳΓɺ౔৕தͰͷ NO3
–ͷݟ͔͚ͷ଺ཹ࣌
͕ؒ௕͘ͳΔɺ͢ͳΘͪ NO3
–͕ྲྀग़͠қ͍؀ڥʹͳΔ͜ͱΛ͍ࣔࠦͯ͠Δɻ 
 ͨͩ͠ɺ஠ૉྲྀೖྔͷ૿େʹͱ΋ͳ͏૯ NO3
–ෆಈԽ଎౓ͷ௿Լ͓Αͼݟ͔͚ͷ଺ཹ
࣌ؒͷ૿Ճͱ͍͏ݱ৅ʹ͍ͭͯɺ޿༿थྛͱদྛͰ͸ͦͷϝΧχζϜ͕ҟͳΔ͜ͱɺͦ
ΕΏ͑ɺ ͦͷΑ͏ͳݱ৅͸޿༿थྛʹ͓͍ͯΑΓى͜ΓಘΔͱ͍͏͜ͱ͕஠ૉϑϩʔͷ
ղੳ݁Ռ͔Βࣔࠦ͞ΕΔɻ·ͣɺ޿༿थྛʹ͓͍ͯ͸ɺ஠ૉఴՃ۠Ͱ͸ίϯτϩʔϧ۠
ʹൺ΂ͯɺ౔৕ඍੜ෺όΠΦϚεɺ૯ NH4
+ෆಈԽ଎౓ɺ͓Αͼ૯ NO3
–ෆಈԽ଎౓͕খ
͍͞ɻ Ұํɺ দྛͰ͸౔৕ඍੜ෺όΠΦϚε͸มԽͤͣɺ ૯ NH4
+ෆಈԽ଎౓͸૿େ͠ɺ
૯ NO3
–ෆಈԽ଎౓͸௿Լ͍ͯ͠ΔɻҰൠతʹ౔৕ඍੜ෺͸ແػଶ஠ૉݯͱͯ͠ NO3
–Α
Γ΋ NH4
+Λ޷Ήͱߟ͑ΒΕ͖ͯͨʢRice and Tiedje 1989; Jackson et al. 1989ʣ ɻຊݚڀʹ
͓͍ͯ΋ओཁͳ஠ૉෆಈԽϓϩηε͸ NH4
+ͷෆಈԽͰ͋Δ͜ͱ͕ࣔ͞Ε͍ͯΔɻ͢ͳ
Θͪɺ஠ૉ੍ݶԼʹ͋Δͱߟ͑ΒΕΔদྛʹ͓͍ͯ͸ɺ஠ૉྲྀೖྔͷ૿େʹͱ΋ͳ͏૯
NH4
+ෆಈԽ଎౓ͷ૿େͱ૯ NO3
–ෆಈԽ଎౓ͷ௿Լ͸࿈ಈ͍ͯ͠Δͱࣔࠦ͞ΕΔɻैͬ
ͯɺ౔৕ඍੜ෺όΠΦϚεͷݮগͱ૯ NO3
–ෆಈԽ଎౓ͷ௿Լ͕ΈΒΕΔ஠ૉ๞࿨ঢ়ଶ
ͷ޿༿थྛͱɺ૯ NH4
+ෆಈԽ଎౓ͷ૿େͱ૯ NO3
–ෆಈԽ଎౓ͷ௿Լ͕ΈΒΕΔ஠ૉ੍
ݶԼʹ͋ΔদྛͰ͸ɺ૯ NO3
–ෆಈԽ଎౓ͷ௿Լͱ͍͏ڞ௨ͷݱ৅ͷഎޙʹ͋ΔϝΧχ
ζϜ͕ҟͳΔ͜ͱ͕ࣔࠦ͞ΕΔɻ͜ΕΒΛߟྀ͢Δͱɺࠓޙ༧૝͞ΕΔ஠ૉෛՙͷ૿େ
ʹͱ΋ͳͬͯɺ૯ NO3
–ෆಈԽ଎౓ͷ௿Լͱݟ͔͚ͷ଺ཹ࣌ؒͷ૿Ճ͕ಉ࣌ʹى͜Γқ
͘ͳΔɺ͢ͳΘͪ NO3
–ͷ༹୤͕ൃੜ͠қ͘ͳΔͷ͸ɺ͢Ͱʹ஠ૉ๞࿨ঢ়ଶʹ͋Γɺ౔
৕ඍੜ෺όΠΦϚε͕ݮগ͢Δͱਪ࡯͞ΕΔ޿༿थྛͰ͋Δͱ༧ଌͰ͖Δɻ 
 ຊষͰΈΒΕͨΑ͏ͳݱ৅͕೥ؒΛ௨ͯ͡ɺ ͋Δ͍͸ྲྀೖ͢Δແػଶ஠ૉྔͱ૬ؔ͠  104 
ͯݟΒΕΔͷ͔ɺଞͷقઅʹ͓͚Δݱ৅ɺ͋Δ͍͸஠ૉྲྀೖྔΛஈ֊తʹมԽͤͨ͞ϓ
ϩοτͷ౔৕ʹ͓͚Δݱ৅ʹ͍ͭͯ΋ߟྀͯ͠ɺ ৄࡉʹղੳ͢Δඞཁ͕͋Δͱߟ͑ΒΕ
Δɻ 
 
5.4.3 ಠཱӫཆੑ঳Խͱैଐӫཆੑ঳Խ 
 ຊݚڀͰ͸ɺC2H2ʹΑΔಠཱӫཆੑ঳Խͷ્֐Λར༻ͯ͠ɺಠཱӫཆੑ঳Խͱैଐ
ӫཆੑ঳ԽΛͦΕͧΕఆྔͨ͠ɻ·ͣ C2H2ΛఴՃͨ͠ܥʹ͓͍ͯɺج࣭ͱͯ͠Ճ͑ͨ
15NH4
+ʹ༝དྷ͢Δ
15NO3
–ͷੜ੒͸ݟΒΕͳ͔ͬͨʢTable 5–2ʣɻ ͜ ͷ ͜ ͱ ͔ Β ɺʢ 1ʣಠཱ
ӫཆੑ঳Խ͸ C2H2ʹΑΓޮՌతʹ્֐͞Ε͓ͯΓɺ ʢ2ʣैଐӫཆੑ঳Խͷܦ࿏͸ NH4
+
Ͱ͸ͳ͘༗ػମ஠ૉ͔Βͷ NO3
– ʢ·ͨ͸ NO2
–ʣੜ ੒ ͱ ߟ ͑ Β Ε ͨ ɻै ଐ ӫ ཆ ੑ ঳ Խ ͸ ɺ
DHSBR ͷ޿༿थྛίϯτϩʔϧ۠ɺদྛ஠ૉఴՃ͓۠Αͼ HSD ޿༿थྛͰݟΒΕͨ
ʢFigure 5-3ʣɻ঳ Խ ଎ ౓ ͕ େ ͖ ͍ DHSBR ͷ޿༿थྛίϯτϩʔϧ͓۠Αͼ HSD ޿༿थ
ྛʹ͓͍ͯ͸ɺ ͍ͣΕ΋ैଐӫཆੑ঳Խ͕઎ΊΔׂ߹͸૯঳Խ଎౓ͷ 20%ఔ౓Ͱ͋Δͱ
ߟ͑ΒΕͨɻ͕ͨͬͯ͠ɺ঳Խ଎౓͕େ͖͍ DHSBR ޿༿थྛʹ͓͍ͯɺओʹಠཱӫཆ
ੑඍੜ෺ͷಇ͖ʹΑͬͯ঳ࢎ͕ੜ੒͍ͯ͠Δͱߟ͑ΒΕͨɻ͜Ε·Ͱɺ͍͔ͭ͘ͷࢎੑ
৿ྛ౔৕Ͱ͸ɺैଐӫཆੑ঳Խͷଘࡏ͕ࣔࠦ͞Ε͖ͯͨʢSchimel et al. 1984; Stroo et al. 
1986; Pederson et al. 1999; Brierley and Wood 2001; Grenon et al. 2004; Jordan et al. 2005ʣɻͦ
ͷதͰ΋ɺHart et al.ʢ1997ʣ͸ຊݚڀͱಉ༷ʹɺ
15N ಉҐମرऍ๏ͱ C2H2Λซ༻͠ɺ૯
ैଐӫཆੑ঳Խ଎౓Λఆྔతʹࢉग़ͨ͠ɻ ͦͷ݁Ռɺ ๺ถͷࢎੑ਑༿थྛ౔৕ʹ͓͍ͯɺ
ैଐӫཆੑ঳Խ͸૯঳Խ଎౓ʢ0-5 mg N kg-soil
 -1 day
-1ʣͷ 60%Ҏ্Λ઎Ί͍ͯΔͱใࠂ
ͨ͠ɻ͔͠͠ɺͦͷҰํͰɺଞͷଟ͘ͷݚڀࣄྫ͸ɺࢎੑ৿ྛ౔৕Ͱ͋ͬͯ΋ैଐӫཆ
ੑ঳Խͷد༩͸େ͖͘ͳ͍͜ͱΛ͍ࣔͯ͠ΔʢDe Boer et al. 1989, 1992; Tietema et al. 
1992; Pennington and Ellis 1993; Barraclough and Puri 1995; Rudebeck and Persson 1998; 
Islam et al. 2007; Kuroiwa et al. in reviewʣɻ ͜ Ε Β ͷ ૬ ൓ ͢ Δ ݚ ڀ ݁ Ռ ͷ આ ໌ ͱ ͠ ͯ ɺ ޙ
ऀͷݚڀͷ౔৕Ͱ͸ɺ଱ࢎੑ͋Δ͍͸޷ࢎੑͷಠཱӫཆੑ঳Խඍੜ෺͕ଘࡏ͠ɺ঳ԽΛ  105 
୲͍ͬͯΔͱߟ͑ΒΕ͖ͯͨʢDe boer et al. 1991, 1992 Hart et al. 1997ɺୈ 1 ষʣ ɻຊݚڀ
Ͱ͸ɺୈ 6 ষͰهड़͢Δݚڀʹ͓͍ͯɺ঳Խඍੜ෺܈ूʹয఺Λ౰ͯɺͦΕΒͷ଱ࢎੑ
ʗ޷ࢎੑඍੜ෺͕ຊݚڀαΠτͷ౔৕ʹ࣮ࡍʹଘࡏ͠ɺ ·ͨ঳ԽΛ୲͍ͬͯΔͷ͔Ͳ͏
͔ʹ͍ͭͯߟ࡯͢Δɻ Table 5-1. Chemistry of soils of control and N-addition plots in broadleaf forest, and control and N-
addition plots in pine forest at DHSBR and broadleaf forest at HSD 
DHSBR  HSD 
Broadleaf 
Control 
Broadleaf 
N-addition* 
Pine    
Control 
Pine 
N-addition* 
Broadleaf 
pH  3.7  3.6  3.8  3.8  4.2 
NH4  
(mg-N/ kg-soil) 
5.0    (0.2)d  8.4    (0.1)c  16.9    (0.3)a  15.5    (0.3)b  5.2    (0.2)d 
NO3  
(mg-N/ kg-soil) 
14.4    (1.3)b  19.4    (0.2)s  6.9    (0.1)c  6.6    (0.1)c  7.4    (0.9)c 
DON  
(mg-N/ kg-soil) 
30.8    (1.4)a  30.9    (0.4)a  18.5    (0.4)c  14.6    (0.8)d  25.1    (0.6)b 
SMB-N** 
(mg-N/ kg-soil) 
90.6    (8.3)b  62.8    (1.3)c  23.5    (1.3)d  20.7    (2.2)d  103.5    (3.7)a 
Total N 
(mg-N/ kg-soil) 
2593.3 (112.5)a  2520.5 (70.8)a  1717.1 (141.7)c  1634.1 (107.1)c  1928.0 (66.6)b 
C/N  21.7   (0.4)b  21.7   (0.8)b  23.9   (1.5)a  21.5   (1.4)b  21.0   (0.3)b 
*N-addition plot where 100 kg-N/ha/yr as NH4NO3  has been amended every month since 2003. 
**SMB-N; soil microbial biomass N 
S.D. in parentheses, n = 4 
Different letters following the values indicate signiﬁcant differences among forests (p<0.05) based on 
one-way analysis of variance (ANOVA) with Turkey's HSD 
Plot  (mg-N/kg-soil)  + 15NH4
+  + 15NH4
+  
+ C2H2 
+ 15NO3
–  + 15NO3
–  
+ C2H2 
(A)  15NH4
+ 
t=2h  4.4  (0.4)   4.8  (0.2)   0.0  (0.0)   0.0  (0.0)  
t=26h  2.9  (0.2)   4.1  (0.5)   0.0  (0.0)   0.0  (0.0)  
15NO3
– 
t=2h  0.3  (0.0)   0.1  (0.0)   6.1  (0.4)   6.2  (0.4)  
t=26h  1.6  (0.1)   0.1  (0.0)   5.8  (0.4)   6.0  (0.3)  
(B)  15NH4
+ 
t=2h  3.9  (0.2)   4.1  (0.1)   0.0  (0.0)   0.0  (0.0)  
t=26h  3.2  (0.1)   3.8  (0.3)   0.0  (0.0)   0.0  (0.0)  
15NO3
– 
t=2h  0.1  (0.0)   0.1  (0.0)   5.7  (0.3)   5.7  (0.2)  
t=26h  0.6  (0.0)   0.1  (0.0)   5.6  (0.1)   5.7  (0.1)  
(C)  15NH4
+ 
t=2h  4.0  (0.2)   4.1  (0.3)   0.1  (0.0)   0.1  (0.0)  
t=26h  3.6  (0.2)   3.8  (0.0)   0.1  (0.0)   0.1  (0.0)  
15NO3
– 
t=2h  0.0  (0.0)   0.0  (0.0)   5.4  (0.1)   5.0  (0.1)  
t=26h  0.1  (0.0)   0.0  (0.0)   5.1  (0.1)   5.2  (0.1)  
(D)  15NH4
+ 
t=2h  4.0  (0.1)   4.0  (0.2)   0.1  (0.0)   0.1  (0.0)  
t=26h  3.4  (0.1)   3.5  (0.1)   0.1  (0.0)   0.1  (0.0)  
15NO3
– 
t=2h  0.0  (0.0)   0.0  (0.0)   5.6  (0.1)   5.6  (0.2)  
t=26h  0.1  (0.0)   0.0  (0.0)   5.5  (0.1)   5.6  (0.1)  
Table 5-2. 15NH4
+ and 15NO3
– concentration 2 and 26 hours after 15N addition in soils of (A) 
control and (B) N-addition plots in broadleaf forest and (C) control and (D) N-addition plots in 
pine forest at DHSBR and (E) broadleaf forest at HSD 
S.D. in parentheses, n = 4 

(E)  15NH4
+ 
t=2h  5.0  (0.1)   5.0  (0.2)   0.1  (0.0)   0.1  (0.0)  
t=26h  4.7  (0.1)   4.7  (0.2)   0.1  (0.0)   0.1  (0.0)  
15NO3
– 
t=2h  0.1  (0.0)   0.0  (0.0)   5.7  (0.2)   4.1  (0.1)  
t=26h  0.1  (0.0)   0.0  (0.0)   5.3  (0.0)   5.3  (0.0)  Table 5-3. Net nitriﬁcation rates, and NH4
+ and NO3
-
 dynamics in soils of control and N-addition 
plots  in  broadleaf  forest,  and  control  and  N-addition  plots  in  pine  forest  at  DHSBR  and 
broadleaf forest at HSD
DHSBR  HSD 
Broadleaf   Pine  Broadleaf  
Control  N-addition  Control  N-addition 
Net nitriﬁcation 
(mg-N/ kg-soil/ day) 
1.8 (0.2)b  2.1 (0.1)a  0.0   (0.0)d  0.0   (0.0)d  0.4 (0.0)c 
autotrophic nitriﬁcation 
/ mineralization*  1.1 (0.1)b  2.3 (0.2)a  0.6 (0.1)c  0.0 (0.0)d 0.7 (0.0)c 
Pseudo–residence time 
of NO3
-  (day)**  15.3 (2.2)c  92.4 (9.7)a  9.3 (1.0)d  58.4 (5.5)b  6.0 (0.8)d 
S.E. in parentheses, n = 4 
Different letters following the values indicate signiﬁcant differences among forests (p<0.05) 
based on one-way analysis of variance (ANOVA) with Turkey's HSD 
Figure 5-1. Picture of a 20-g soil sample in a 200-ml 
vial.  incubated  for  estimating  N  ﬂow  rates  using  the 
15N  isotope  dilution  technique.  The  vial  are  clamp-
sealed  with  butyl-rubber  stopper  after  15N  addition. 
C2H2 was injected into gas phase to inhibit autotrophic 
ammonia oxidation.
Figure 5-2. Schematic representations of the major processes affecting 
NH4
+ and NO3
– pool sizes in forest soils discussed in Chap. 5. Net and 
gross  rates  of  N  mineralization  and  nitriﬁcation  are  measured  in  the 
absence  of  plant  uptake  and  leaching  and  under  conditions  that 
minimize denitriﬁcation. Under these conditions net rate estimates are 
still inﬂuenced by both productive and consumptive processes. For the 
NH4
+ pool, gross mineralization is the productive process; consumptive 
processes  include  abiotic  sinks,  gross  nitriﬁcation,  microbial 
immobilization, and plant uptake. For the NO3
– pool, gross nitriﬁcation 
is  the  productive  process;  consumptive  processes  include 
denitriﬁcation, leaching, microbial immobilization, and plant uptake. 
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Figure 5-3. Gross rates of (A) mineralization, (B) nitriﬁcation, and (C) N immobilization in soils of 
control and N-addition plots in broadleaf forest, and control and N-addition plots in pine forest at 
DHSBR, and broadleaf forest at HSD, Error bars represent S.E. (n=4). Different letters above the 
bars indicate signiﬁcant differences among forests (p<0.05) based on one-way analysis of variance 
(ANOVA) with Turkey's HSD
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Figure 5-4. Characteristics of N transformations in in soils of (A) control and (B) N-addition plots in 
broadleaf forest and (C) control and (D) N-addition plots in pine forest at DHSBR, and (E) broadleaf 
forest at HSD. Arrows indicate the following: from Org-N (organic N) to NH4
+-N, gross mineralization; 
from NH4
+-N to Org-N, NH4
+ immobilization; from NH4
+-N to NO3
--N, gross nitriﬁcation; from NO3
–-N to 
Org-N, gross NO3
–
 immobilization. The ﬁgures adjacent to each arrow and below each circles show the 
rates (mg-N kg-soil–1 day –1) and pool size (mg-N kg-soil–1), respectively. Gross NH4
+ immobilization 
rate was calculated by subtracting gross nitriﬁcation rate from gross NH4
+ consumption rate.  
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Figure  5-5.  Relationship  between  net  nitriﬁcation  rate  and  NO3
– 
concentration in soils of control and N-addition plots in broadleaf forest 
(˔ and ˓) and control and N-addition plots in pine forest (˛ and ˚) at 
DHSBR,  and  broadleaf  forest  at  HSD  (˙)  A  signiﬁcant  correlation 
between  them  was  found  (p<0.01,  NO3
–  concentration  =  5.3  × n e t  
nitriﬁcation rate +6.6, R2=0.93). Error bars represent S.E. (n=4).
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ୈ 6 ষ ߴ஠ૉෛՙ؀ڥʹ͋Δதࠃѥ೤ଳྛ౔৕ʹ͓͚Δ
঳Խඍੜ෺܈ूͷղੳ 
 
6.1 ॹݴ 
 ୈ 4 ষɺୈ 5 ষʹهड़ͨ͠Α͏ʹɺDHSBR ͷ޿༿थྛɺদྛɺࠞ߹ྛͷ஠ૉϑϩʔ
Λൺֱͨ݁͠Ռɺ৿ྛؒͰ૯঳Խ଎౓ʹେ͖ͳ͕ࠩݟΒΕͨɻ·ͨɺୈ 5 ষʹ͓͍ͯɺ
ߴ͍঳Խ଎౓Λͱ΋ͳ͏঳ࢎੜ੒ͷେ෦෼͸ಠཱӫཆੑඍੜ෺ʹΑΔ͜ͱ΋֬ೝ͞Ε
ͨɻ্͕ͨͬͯ͠هͷΑ͏ͳ঳Խ଎౓ͷҧ͍͸ɺ঳ԽΛ୲͍ͬͯΔಠཱӫཆੑඍੜ෺ͷ
ଘࡏྔ΍܈ू૊੒ɺ׆ੑͷҧ͍ʹ༝དྷ͍ͯ͠ΔՄೳੑ͕ߟ͑ΒΕΔɻຊষʹهड़͢Δݚ
ڀͰ͸ɺୈ 4ɺ5 ষͰ༻͍ͨ౔৕தͷ঳Խඍੜ෺܈ूʹ͍ͭͯղੳΛߦ͍ɺ্هͷਪଌ
ͷଥ౰ੑΛݕূͨ͠ɻ 
 ΞϯϞχΞࢎԽʢNH3 ˠ N O 2
–ʣ൓Ԡ͸঳ԽʢNH3 ˠ N O 3
–ʣ൓Ԡͷୈ 1 ஈ֊Ͱ͋Γɺ
͔ͭ཯଎ஈ֊Ͱ͋ΔɻैདྷɺಠཱӫཆੑͷΞϯϞχΞࢎԽࡉەʢAOBʣͱѥ঳ࢎࢎԽࡉ
ەʢNOBʣ͕౔৕தͷ঳ԽΛओʹ୲͍ͬͯΔͱߟ͑ΒΕ͖ͯͨɻ͔͠͠ɺ͜Ε·Ͱʹ΋
ࢎੑ৿ྛ౔৕ʹ͓͍ͯ AOB ͷଘࡏ͕֬ೝ͞Ε͍ͯΔ͕ɺͦͷଘࡏྔ͸গͳ͘ɺAOB ͕
঳ԽʹͲΕ΄Ͳد༩͍ͯ͠Δͷ͔΄ͱΜͲΘ͔͍ͬͯͳ͍ʢBäckman  et  al.  2003; 
Laverman et al. 2005; Schmidt et al. 2007ʣɻ ͦ ͷ Ұ ํ Ͱ ɺ ۙ ೥ ൃ ݟ ͞ Ε ͨ Ξ ϯ Ϟ χ Ξ ࢎ Խ
ΞʔΩΞʢAOAʣʢ Könneke et al. 2005ʣͷ amoA ͷଘࡏྔ͸ɺଟ͘ͷࢎੑ౔৕ʹ͓͍ͯ
AOB ͷ amoA ͷଘࡏྔͱൺ΂ͯಉఔ౓͋Δ͍͸ଟ͍͜ͱ͕ใࠂ͞ΕʢLeininger  et  al. 
2006; He et al. 2007; Nicol et al. 2008; Chen et al. 2008: Gubry-Rangin et al. 2010ʣɺAOA ͕ࢎ
ੑ৿ྛ౔৕Ͱ঳ԽΛ୲͏ඍੜ෺ͷ৽ͨͳީิͱͳ͍ͬͯΔʢୈ 1 ষɺηΫγϣϯ 1.3ʣɻ 
 ͨͩ͠ɺ ͜Ε·Ͱʹ౔৕͔ΒΞϯϞχΞࢎԽೳΛ΋ͭΞʔΩΞ͕෼཭͞Εͨใࠂྫ͕
ͳ͍ͨΊɺ amoA Λอ༗͠ΞϯϞχΞࢎԽೳΛ༗͢ΔΞʔΩΞ͕ຊ౰ʹ౔৕தʹଘࡏ͠ɺ
౔৕தͰ࣮ࡍʹ঳ԽΛ୲͍ͬͯΔͷ͔Ͳ͏͔͸ෆ໌Ͱ͋Δɻ͔͠͠ɺଟ͘ͷ࿦จʹͳΒ  115 
ͬͯɺຊষͰ͸ศ্ٓ amoA Λอ༗͢ΔΞʔΩΞΛ AOA ͱݺͿ͜ͱʹ͢Δɻ 
 ຊষͰ͸ɺDHSBR ͓Αͼ HSD ͷ౔৕ʹ͓͚ΔɺAOB ͓Αͼ AOA ͷଘࡏྔɺ܈ू૊
੒ɺRNA ଘࡏྔʹجͮ͘׆ੑɺ͓Αͼୈ 4ɺ5 ষͰࢉग़ͨ͠૯঳Խ଎౓ͱͷؔ܎ੑΛݕ
౼͠ɺͲͷΑ͏ͳඍੜ෺܈͕౔৕தͰ঳ԽΛओʹ୲͍ͬͯΔͷ͔Λߟ࡯͢Δɻ۩ମతʹ
͸ɺԼهʢ1ʣ͔Βʢ3ʣΛߦ͏ɻ 
 
ʢ1ʣୈ 4 ষʹ͓͍ͯ஠ૉϑϩʔͷղੳΛߦͬͨڙࢼ౔৕Λ༻͍ɺͦͷதͷ঳Խඍੜ෺
܈ूΛղੳ͢Δɻ·ͣ౔৕͔Βநग़ͨ͠ DNA Λࡐྉͱ͠ɺAOBɺAOA ʹ༝དྷ͢
Δ౔৕தͷ amoA ଘࡏྔͷఆྔ͓ΑͼΫϩʔϯղੳΛߦ͏ɻͦͷ amoA ଘࡏྔͱୈ
4 ষͰࢉग़ͨ͠૯঳Խ଎౓ͱͷ૬ؔΛʹ͍ͭͯݕ౼͢Δɻ·ͨ Nitrosospira ଐ NOB
Λର৅ͱͨ͠ΫϩʔϯղੳΛߦ͏ɻ 
ʢ2ʣୈ 5 ষʹ͓͍ͯ஠ૉϑϩʔͷղੳΛߦͬͨڙࢼ౔৕Λ༻͍ɺͦͷதͷ঳Խඍੜ෺
܈ूͷղੳΛߦ͏ɻ ͜͜Ͱ͸ɺ ౔৕͔Βநग़ͨ͠ DNA ͱ RNA ͷ྆ํΛࡐྉͱ͠ɺ
AOB ͓Αͼ AOA ʹ༝དྷ͢Δ౔৕தͷ amoA ଘࡏྔͷఆྔΛߦ͍ɺͦͷଘࡏྔͱୈ
5 ষͰࢉग़ͨ͠૯ಠཱӫཆੑ঳Խ଎౓ͱͷ૬ؔʹ͍ͭͯݕ౼͢Δɻ 
ʢ3ʣ্هʢ1ʣɺ (2)ͷ෼ࢠੜଶֶతख๏ʹՃ͑ɺഓཆґଘతख๏ʹΑΔݕग़ͳΒͼʹఆ
ྔΛߦ͏ɻ্هͷ౔৕ͱ͸ผʹ 2009 ೥ 10 ݄ʹ࠾औͨ͠౔৕Λ༻͍ͯɺAOB ͷଘ
ࡏྔΛ࠷֬஋ʢMost probable number: MPNʣ๏ʹΑͬͯࢉग़͢Δɻ 
 
6.2 ํ๏ 
6.2.1 ڙࢼ౔৕ 
 ڙࢼ౔৕͸ɺ࣍ͷ 3 ૊Ͱ͋Δɻ 
ʢ౔৕ 1ʣ2008 ೥ 9 ݄ʹ࠾औͨ͠౔৕ʢୈ 4 ষͷڙࢼ౔৕ʣ ɻ͜ͷ౔৕͸ DHSBR ͷ޿
༿थྛɺদྛɺࠞ߹ྛͷίϯτϩʔϧ۠಺ 6 Χॴ͔ͣͭΒ࠾औ͠ɺͦΕͧΕ
2mm ͷ;Δ͍Λ௨ͨ͠ʢୈ 1 ষɺηΫγϣϯ 1.6ʣɻ ݚڀαΠτ͔Β౦ژେֶ  116 
౔৕ݍՊֶݚڀࣨʹ༌ૹͨ͠ޙɺ ຊষͰهड़͢Δ࣮ݧʹ࢖༻͢Δ·Ͱ͸–20°C
Ͱྫྷౚอଘͨ͠ɻ 
ʢ౔৕ 2ʣ2009 ೥ 8 ݄ʹ࠾औͨ͠౔৕ʢୈ 5 ষͷڙࢼ౔৕ʣ ɻ͜ͷ౔৕͸ DHSBR ͷ޿
༿थྛ ʢίϯτϩʔϧ۠ɺ ஠ૉఴՃ۠ʣ ɺ দྛ ʢίϯτϩʔϧ۠ɺ ஠ૉఴՃ۠ʣ ɺ
͓Αͼ HSD ͷ޿༿थྛͷ֤ϓϩοτ಺ 12 Χॴ͔ͣͭΒ࠾औ͠ɺͦΕͧΕ
2mm ͷ;Δ͍Λ௨ͨ͠ޙɺ ϓϩοτຖʹࠞ߹ͨ͠ ʢୈ 1 ষɺ ηΫγϣϯ 1.6ʣɻ
15NO3
–ΛఴՃͯ͠ 2 ࣌ؒഓཆͨ͠ޙͷ౔৕ʢୈ 5 ষʣΛɺͦͷ࣌఺Ͱӷମ஠
ૉΛ༻͍ͯౚ݁ͤ͞ɺຊষͰهड़͢Δ࣮ݧʹ࢖༻͢Δ·Ͱ͸–80°C Ͱྫྷౚอ
ଘͨ͠ɻ 
ʢ౔৕ 3ʣ2009 ೥ 10 ݄ʹ࠾औͨ͠౔৕ɻ͜ͷ౔৕͸ DHSBR ͷ޿༿थྛʢίϯτϩʔ
ϧ۠ʣͷϓϩοτ಺ 4 Χॴ͔Β࠾औ͠ɺͦΕͧΕ 2mm ͷ;Δ͍Λ௨ͨ͠ޙɺ
ࠞ߹ͨ͠ʢୈ 1 ষɺηΫγϣϯ 1.6 ࢀরʣ ɻݚڀαΠτ͔Β౦ژେֶ౔৕ݍՊ
ֶݚڀࣨʹ༌ૹͨ͠ޙ 4°C Ͱྫྷଂอଘ͠ɺຊষͰهड़͢Δ࣮ݧʹ࢖༻͢Δલ
ʹ 26°C Ͱ 72 ࣌ؒલഓཆͨ͠ɻ 
 
6.2.2 DNA நग़͓Αͼ RNA நग़ͱ cDNA ߹੒ 
 2008 ೥ 9 ݄࠾औ౔৕ʢ౔৕ 1ʣʹ͍ͭͯɺ֤౔৕αϯϓϧ 0.5  g ͔Β DNA Λநग़͠
ͨɻ நग़ʹ͸ ISOIL kit for bead
 beating ʢNippon Gene, Toyama, JapanʣΛ ༻ ͍ ͨ ɻந ग़ DNA
༹ӷ ʢऴ༰ੵ: 100 µlʣ͸ ໓ ە ਫ Ͱ 20 ഒرऍͨ͠ޙɺ PCR ςϯϓϨʔτͱͯ͠࢖༻ͨ͠ɻ 
 2009 ೥ 8 ݄࠾औ౔৕ʢ౔৕ 2ʣʹ͍ͭͯɺ֤౔৕αϯϓϧ 2 g ͔Β Wang et al.ʢ2009ʣ
ͷํ๏ʹ΋ͱ͖ͮɺ RNA PowerSoil Total RNA Isolation Kit ʢMO BIO Laboratories Inc., CA, 
USAʣͱ RNA PowerSoil DNA Elution Accessory Kit ʢMO BIO Laboratories Inc.ʣΛ ༻ ͍ ͯ ɺ
DNA ͱ RNA Λಉ࣌ʹநग़ͨ͠ɻநग़ DNA ༹ӷʢऴ༰ੵ: 100 µlʣɺ ந ग़ RNA ༹ӷʢऴ
༰ੵ:  100  µlʣͱ΋ʹɺࠞೖ͍ͯ͠Δ෗২෺࣭Λআڈ͢ΔͨΊ֩ࢎਫ਼੡ΧϥϜʢillustra 
MicroSpin
TM S-400 HR Columns, GE Healthcare, UKʣΛ༻͍ͯਫ਼੡ͨ͠ɻਫ਼੡ͨ͠நग़  117 
DNA ༹ӷ͸໓ەਫͰ 20 ഒرऍͨ͠ޙɺ PCR ςϯϓϨʔτͱͯ͠࢖༻ͨ͠ɻ ਫ਼੡ͨ͠ந
ग़ RNA ༹ӷ͸ cDNA ߹੒΁ͱڙͨ͠ɻखॱ͸ҎԼͷ௨ΓͰ͋Δɻ ʢ1ʣ·ͣɺࠞೖ DNA
Λআڈ͢ΔͨΊ DNase ॲཧΛߦͬͨɻ TURBO DNA-free Kit ʢApplied Biosystems Inc., CA, 
USAʣΛ ༻ ͍ ͯ ߦ ͬ ͨ ɻ ʢ 2ʣଓ ͍ ͯ DNase ͷআڈΛɺ RNA Clean & Concentrator
TM-5 ʢZymo 
Research Co., CA, USAʣΛ༻͍ͯߦͬͨɻ ʢ3ʣ࠷ޙʹٯసࣸ PCR ͱ cDNA ߹੒Λɺϥ
ϯμϜϓϥΠϚʔʢ6mer, deoxyribonucleotide mixture, Takara Bio Inc., Shiga, Japanʣͱ
SuperScript™ III Reverse Transcriptaseʢinvitrogen, CA, USAʣΛ༻͍ͯߦͬͨɻDNse ॲཧ
͓Αͼٯసࣸ PCR ͱ cDNA ߹੒ͷ൓Ԡӷ૊੒ͱ൓Ԡ৚݅Λ Figure 6-1 ʹࣔ͢ɻ 
 
6.2.3 AOAɺAOBɺNOB ܈ूͷ PCR ݕग़ 
 2008 ೥ 9 ݄࠾औ౔৕ʢ౔৕ 1ʣʹ͍ͭͯɺAOBɺAOAɺNOB Λର৅ͱͯ͠ PCR Λߦ
ͬͨɻAOB Λର৅ͱͨ͠ PCR ͱͯ͠ɺAOB ͷ 16S rRNA Ҩ఻ࢠͱ amoA Λλʔήοτ
ʹɺͦΕͧΕಛҟతϓϥΠϚʔCTO189f-CTO654rʢCTO ϓϥΠϚʔʣ ʢKowalchuk et al. 
1997ʣ͓Αͼ amoA1f-amoA2rʢRotthauwe et al. 1997ʣΛ༻͍ͯɺPCR ΛߦͬͨɻAOB
ͷ 16S rRNA Ҩ఻ࢠΛλʔήοτʹ nested PCR ΋ߦͬͨɻ ʢ1ʣ·ͣશࡉەͷ 16S rRNA
Ҩ఻ࢠͷ΄΅શ௕Λࡉە༻ϢχόʔαϧϓϥΠϚʔm27f -m1492rʢTyson et al. 2004ʣΛ
༻͍ͯ૿෯ͨ͠ɻ ʢ2ʣଓ͍ͯɺͦͷ PCR ࢈෺༹ӷ͔Βɺະ൓Ԡͷ dNTPs  ΍ϓϥΠϚʔ
Λ DNA ਫ਼੡ΧϥϜʢWizard PCR Preps DNA Purification System, Promega, Madison, WI, 
USAʣΛ༻͍ͯআڈͨ͠ɻ ʢ3ʣͦͷ PCR ࢈෺༹ӷΛ 50 ഒرऍ༹ͨ͠ӷΛςϯϓϨʔτ
ʹͯ͠ɺCTO ϓϥΠϚʔΛ༻͍ͯ࠶౓ PCR Λߦͬͨɻ 
 ଓ͍ͯɺAOA Λର৅ͱͨ͠ PCR ͱͯ͠ɺΞʔΩΞͷ amoA Λλʔήοτʹɺಛҟత
ϓϥΠϚʔCrenamoA23f-CrenamoA616r ʢKönneke et al. 2005; Tourna et al. 2008ʣΛ ༻ ͍ ͯ ɺ
PCR Λߦͬͨɻ࠷ޙʹɺNOB ͷதͰ΋౔৕؀ڥͰ༏઎͢Δ 1 άϧʔϓͰ͋Δ Nitrospira
ଐࡉەΛର৅ͱͨ͠ PCR Λߦͬͨɻ͜ͷ PCR Ͱ͸ɺϢχόʔαϧϓϥΠϚʔm27fʢ্
ड़ʣͱಛҟతϓϥΠϚʔNspira705rʢFritag et al. 2005ʣΛ૊Έ߹Θͤͯ༻͍ͨɻ   118 
 શͯͷ PCR ൓Ԡ͸ɺඇಛҟత૿෯Λ཈͑ΔͨΊʹϗοτελʔτ๏Ͱߦͬͨɻ൓Ԡ
ӷʢ 25 µlʣ ͷ૊੒͸ҎԼͷ௨ΓͰ͋Δɻ 10 ! reaction buffer (Applied Biosystems, Foster City, 
CA, USA)ɺDNA ςϯϓϨʔτʢ1 µlʣɺ ϓ ϥ Π Ϛ ʔ ʢ 0.2 µMʣɺ dNTPsʢ0.2 mM eachʣɺ
MgCl2ʢ250 µMʣɺ ΢ γ ݂ ਗ਼ Ξ ϧ ϒ ϛ ϯ ʢ 250 µMʣɺ AmpliTaq Gold® DNA polymeraseʢ2 
unitʣ(Applied Biosystems)ɻPCR ৚݅͸ Table 6-1 ʹ·ͱΊͨɻPCR ࢈෺ͷαΠζ͸ΞΨ
ϩʔεήϧిؾӭಈͰ֬ೝͨ͠ɻ૿෯͕ݟΒΕͳ͍৔߹ʹ͸ɺPCR ৚݅Λ࣍ͷΑ͏ʹ
मਖ਼ͨ͠ɻ ΞχʔϦϯάԹ౓Λ–1°C ·ͨ͸  –2°C Լ͛ɺ DNA ςϯϓϨʔτΛ 10 ഒرऍ
͠ɺαΠΫϧ਺Λ 35 ·Ͱ૿΍ͨ͠ɻ 
 
6.2.4 AOAɺAOBɺNOB ܈ूͷΫϩʔϯϥΠϒϥϦʔղੳ 
 ্ड़ʢ6.2.3ʣͰಘΒΕͨ PCR ࢈෺༹ӷ͸ DNA ਫ਼੡ΧϥϜ Wizard  PCR  Preps  DNA 
Purification System ʢPromegaʣΛ ༻ ͍ ͯ ਫ਼ ੡ ͠ ͨ ɻଓ ͍ ͯ pGEM-T Easy Vector ʢPromegaʣ
Λ༻͍ͯϥΠήʔγϣϯΛߦ͍ɺίϯϐςϯτηϧ Escherichia  coli s t r a i n  J M 1 0 9  h i g h  
efficiency competent cellsʢPromegaʣΛ༻͍ͯܗ࣭స׵Λߦͬͨɻ֤ΫϩʔϯͷΠϯαʔ
τͷ DNA ΛϕΫλʔϓϥΠϚʔT7-1  (5'-AATACGACTCACTATAG-3') ͱ SP6 
(5'-GATTTAGGTGACACTATAG-3')Λ༻͍ͯ PCR ૿෯͠ɺ૿෯ʹ༻͍ͨͷͱಉ͡ϓϥΠ
ϚʔΛ༻͍ͯɺυϥΰϯδΣϊϛΫεηϯλʔʢTaKaRa Bio, Mie, Japanʣͷडୗղੳʹ
ΑΓԘج഑ྻΛղಡͨ͠ɻ 
 Ԙج഑ྻͷ૬ಉੑݕࡧ͸ NCBI σʔλϕʔεʢMcEntyre and Ostell 2005ʣΛ༻͍ͯɺ
BlastnʢAltschul et al. 1997ʣʹΑͬͯߦͬͨɻຊݚڀͰಘΒΕͨ഑ྻͱ૬ಉੑͷߴ͍഑
ྻΛɺܥ౷ղੳͷϨϑΝϨϯε഑ྻͱͯ͠༻͍ͨɻ·ͨɺNitrosomonas  ଐʢAOBʣ ɺ
Nitrosospira  ଐʢ AOBʣ ɺ Nitrospira  ଐʢ NOBʣͷ ࡉ ە ͷ 16S rRNA Ҩ఻ࢠͷԘج഑ྻ͸ɺ
DDBJ/EMBL/GenBank σʔλϕʔε͔Βಘͨɻ ຊݚڀͰಘΒΕͨԘج഑ྻͱϨϑΝϨϯ
εԘج഑ྻͷΞϥΠϝϯτղੳΛߦ͍ɺڑ཭ߦྻʹͨ͠ɻͦͷڑ཭ߦྻΛ΋ͱʹ
Clustalw version 2.0 (Larkin et al. 2007)Λ༻͍ͯɺΪϟοϓ෦Ґ͓Αͼଟॏஔ׵෦ҐΛআ  119 
ڈޙɺཚ਺γʔυΛ 111ɺϒʔτετϥοϓࢼߦ਺Λ 1000 ͱͯۙ͠ྡ݁߹๏ʹΑΓܥ
౷थΛ࡞੒ͨ͠ɻ 
 
6.2.5 amoA ίϐʔ਺ͷఆྔ 
 ্ड़ʢ6.2.2ʣͰಘΒΕͨ 2008 ೥ 9 ݄࠾औ౔৕ʢ౔৕ 1ʣ༝དྷͷநग़ DNA ༹ӷ͓Αͼ
2009 ೥ 8 ݄࠾औ౔৕ ʢ౔৕ 2ʣ༝ དྷ ͷ ந ग़ DNA ͓Αͼ RNA ༹ӷʹ͍ͭͯɺ AOA ͷ amoA
ίϐʔ਺Λఆྔ PCR ʹΑͬͯࢉग़ͨ͠ɻ CrenamoA23f-CrenamoA616r ΛϓϥΠϚʔͱ͠
ͯɺStepOne real-time PCR systemʢApplied BiosystemsʣΛ༻͍ͯߦͬͨɻ൓Ԡӷʢ20 µlʣ
ͷ૊੒͸ɺ1x Power
 SYBR green PCR master mixtureʢApplied Biosystemsʣɺ DNA ςϯϓ
Ϩʔτʢ2 µlʣɺ ϓ ϥ Π Ϛ ʔ ʢ 0.2 µM
 eachʣɺ ͓ Α ͼ ΢ γ ݂ ਗ਼ Ξ ϧ ϒ ϛ ϯ ʢ 250 µMʣͰ͋
ͬͨɻ ඪ४ۂઢ ʢ10
3 to 10
8 copies per reaction
 mixtureʣ͸ ɺຊ ݚ ڀ Ͱ ಘ Β Ε ͨ AOA ͷ amoA
ϑϥάϝϯτΛ༻͍ͯ࡞੒ͨ͠ɻ ൓Ԡ৚݅͸ɺ 95°C Ͱ 15 ෼ʹଓ͖ɺ 95°C Ͱ 30 ඵɺ 58°C
Ͱ 30 ඵɺ72°C Ͱ 30 s Λ 40 αΠΫϧͱͨ͠ɻPCR ࢈෺ͷαΠζ͕ਖ਼͍͜͠ͱ͸ΞΨϩ
ʔεήϧిؾӭಈͰ֬ೝͨ͠ɻ ·ͨɺ 2009 ೥ 8 ݄࠾औ౔৕༝དྷͷநग़ DNA ͓Αͼ RNA
༹ӷʹ͍ͭͯɺAOB ͷ amoA Λλʔήοτʹఆྔ PCR ΛߦͬͨɻϓϥΠϚʔʹ͸
amoA1f-amoA2r Λ༻͍ͯɺಉ༷ͷ൓Ԡӷ૊੒Ͱߦͬͨɻඪ४ۂઢʢ10
2 to 10
7 copies per 
reaction
 mixtureʣ͸ɺNitrosospira multiformisʢATCC 25196
Tʣͷ amoA ϑϥάϝϯτΛ༻
͍ͯ࡞੒ͨ͠ɻ൓Ԡ৚݅͸ɺ95°C Ͱ 15 ෼ʹଓ͖ɺ95°C Ͱ 30 ඵɺ58°C Ͱ 30 ඵɺ72°C
Ͱ 30 s Λ 40 αΠΫϧͱͨ͠ɻ 
 
6.2.6 MPN ๏ʹΑΔ AOB ܈ूͷݕग़ͱఆྔ 
 ޿༿थྛ౔৕ͷ AOB ͷଘࡏྔΛ MPN ๏ʢSchmidt and Belser 1983; Suwa et al. 1994ʣ
ʹΑͬͯࢉग़ͨ͠ɻ͜Ε·Ͱଟ͘ͷݚڀͰΞϯϞχΞࢎԽඍੜ෺ͷݕग़͓Αͼఆྔʹɺ
ഓཆΛͱ΋ͳ͏ MPN ๏͕༻͍ΒΕ͖ͯͨɻ͔͜͠͠Ε·Ͱɺ͜ͷ MPN ๏ͷ࣮ݧ৚݅
ԼͰ AOA ͕ഓཆ͞Εͨ͜ͱ͸ͳ͘ɺ͕ͨͬͯ͠ɺ͜ͷํ๏Ͱ͸ AOA ͷ׆ੑ͸ݕग़͞  120 
Εͳ͍ͱߟ͑ΒΕΔɻ ͦ͜ͰຊݚڀͰ͸ɺ MPN ๏ʹΑͬͯݕग़͞ΕΔඍੜ෺ʹ AOA ͸
ؚ·Εͳ͍ͱݟͳ͠ɺຊ࣮ݧΛ“AOB ͷ”ݕग़ͱఆྔͱҐஔ͚ͮΔɻ 
 MPN ๏ͷखॱ͸ҎԼͷ௨ΓͰ͋Δɻ ʢ1ʣ2009 ೥ 10 ݄࠾औ౔৕ʢ౔৕ 3ʣ20 άϥϜ
ʢס૩ॏྔͰ͓Αͦ 10 άϥϜʣʹৠཹਫ 190  mL ΛՃ͑ɺϫʔϦϯάϒϨϯμʔͰ֧
፩ͨ͠ɻ ʢ2ʣৠཹਫΛ༻͍ͯɺ10
"2ഒ͔Β 10
"8ഒ·Ͱͷ 10 ഒرऍܥྻΛ࡞੒ͨ͠ɻ ʢ3ʣ
MPN ๏ͷӷମഓ஍ͱͯ͠ɺ l௿ pH ഓ஍z ʢpH 5.5ʣͱlத pH ഓ஍z ʢpH 7.5ʣΛ࡞੒͠
ͨɻӷମഓ஍ͷ૊੒ʹ͍ͭͯ Table  6-2 ʹࣔ͢ɻ஠ૉݯ͔ͭΤωϧΪʔݯͱͯ͠ɺೱ౓
ͷҟͳΔེࢎΞϯϞχ΢Ϝ(NH4)2SO4 ·ͨ͸೘ૉ(NH2)2CO Λ༻͍ͨɻ͢ͳΘͪɺ௿ pH
ഓ஍ʹ͸ 66ɺ661ɺ6608 mg/L ͷ(NH4)2SO4·ͨ͸ 3ɺ30 mg/L ͷ(NH2)2CO Λɺத pH ഓ
஍ʹ͸ 6.6ɺ66  mg/L ͷ(NH4)2SO4Λ༻͍ͨɻഓ஍ͷ pH ͸࠷ऴతʹ HCl ·ͨ͸ Na2CO3
༹ӷͰௐ੔ͨ͠ɻഓ஍͸޸ܘ 0.2 µm ͷϝϯϒϨϯϑΟϧλʔʢCorningɺTokyoɺJapanʣ
Λ༻͍ͯ໓ەΖաͨ͠ޙɺ4 ml Λ໓ەࢼݧ؅ʹ෼஫ͨ͠ɻ ʢ4ʣͦ͜ʹ 1 ml ͷ 10 ഒرऍ
ܥྻͷ౔৕ݒ୙ӷΛՃ͑ɺΞϧϛΩϟοϓΛͨ͠ɻ֤رऍܥྻʹ͖ͭ 8 ͔Β 10 ࿈ͷࢼ
ݧ؅Λ༻͍ͨɻ ʢ5ʣ25°C Ͱ 6 िؒɺ12 िؒഓཆ͠ɺSchmidt and Belserʢ1983ʣɺ Suwa et 
al.ʢ1994ʣʹ͕ͨͬͯ͠ɺNO2
–͓Αͼ NO3
–ͷੜ੒ΛάϦʔεɾΠϩεϕΠ൓ԠʹΑͬ
ͯ֬ೝͨ͠ɻ 
 
6.3 ݁Ռ 
6.3.1 AOB ܈ू 
 2008 ೥ 9 ݄࠾औ౔৕ʢ౔৕ 1ɺDHSBR ͷ޿༿थྛɺদྛɺࠞ߹ྛͷίϯτϩʔϧ۠ʣ
ʹ͍ͭͯɺAOB Λλʔήοτʹͨ͠ PCR ʹ͓͍ͯɺTable  6-1 Ͱࣔͨ͠৚݅Ͱ͸ 16S 
rRNA Ҩ఻ࢠ͓Αͼ amoA ͷ͍ͣΕͷ૿෯΋ݟΒΕͳ͔ͬͨɻ·ͨɺ্ड़ʢ6.2.3ʣͷͱ
͓Γ PCR ৚݅Λมߋ͕ͨ͠ɺ ಉ༷ʹ૿෯͕ݟΒΕͳ͔ͬͨɻ ͨͩ͠ɺ AOB ͷ 16S rRNA
Ҩ఻ࢠΛλʔήοτʹͨ͠ nested PCR Ͱ͸ɺ ޿༿थྛ͔ΒಘΒΕͨ 6 αϯϓϧͷ͏ͪ 2
αϯϓϧͰAOB༝དྷͷ16S rRNAҨ఻ࢠϑϥάϝϯτͱ΄΅ಉ͡αΠζͷDNAϑϥά  121 
ϝϯτͷ૿෯͕֬ೝ͞ΕͨʢFigure 6-2ʣɻ ͠ ͔ ͠ ɺ ͦ ͷ Ԙ ج ഑ ྻ ʹ ج ͮ ͘ ܥ ౷ ղ ੳ ͷ ݁
Ռɺ૿෯͞Εͨ DNA ͸͜Ε·Ͱ஌ΒΕ͍ͯΔ betaproteobacteria ʹଐ͢Δ AOBɺ͢ͳΘ
ͪ Nitrosospira ͓Αͼ Nitrosomonas ͷܥ౷ͱ͸ҟͳΔࡉەʹ༝དྷ͢Δ 16S  rRNA Ҩ఻ࢠ
Ͱ͋Δ͜ͱ͕ࣔ͞ΕͨʢFigure 6-3ʣɻ  
 2009 ೥ 8 ݄࠾औ౔৕ʢ౔৕ 2ɺDHSBR ͷ޿༿थྛʢίϯτϩʔϧ۠ɺ஠ૉఴՃ۠ʣ
͓Αͼদྛ ʢίϯτϩʔϧ۠ɺ ஠ૉఴՃ۠ʣ ɺ HSD ͷ޿༿थྛʣ ʹ͍ͭͯɺ AOB ͷ amoA
Λλʔήοτʹఆྔ PCR Λߦ͕ͬͨɺ૿෯͕ݟΒΕͳ͔ͬͨɻNitrosospira  multiformis
ʢATCC 25196
Tʣͷ amoA Λ༻͍ͯ࡞੒ͨ͠ඪ४ۂઢ͔Β AOB ͷ amoA Ҩ఻ࢠͷݕग़ݶ
ք͸ 5 ! 10
4#copies g-soil
–1ͱࢉग़͞Εͨɻ 
 2009 ೥ 10 ݄࠾औ౔৕ʢ౔৕ 3ɺDHSBR ͷ޿༿थྛʢίϯτϩʔϧ۠ʣ ʣʹ͍ͭͯɺ
AOB Λλʔήοτͨ͠ MPN ๏ʹ͓͍ͯɺ ഓ஍૊੒͓Αͼ౔৕ͷرऍഒ཰͕ҟͳΔ͢΂
ͯͷࢼݧ؅ʹ͓͍ͯɺ άϦʔεɾΠϩεϕΠ൓ԠʹΑΔఄ৭͢ͳΘͪɺ NO2
–͓Αͼ NO3
–
ͷੜ੒͸֬ೝ͞Εͳ͔ͬͨɻ͢ͳΘͪ AOB ͸ݕग़͞Εͳ͔ͬͨɻͳ͓ɺMPN ๏ʹΑΔ
AOB ͷݕग़ݶք͸ 1 ! 10
3#copies g-soil
–1ͱࢉग़͞Εͨɻ 
 
6.3.2 AOA ܈ू 
 2008 ೥ 9 ݄࠾औ౔৕ʢ౔৕ 1ɺDHSBR ͷ޿༿थྛɺদྛɺࠞ߹ྛͷίϯτϩʔϧ۠ʣ
ʹ͍ͭͯɺAOA ͷ amoA ͸શͯͷ౔৕αϯϓϧ͔Β PCR ๏ʹ͓͍ͯ૿෯͕ݟΒΕͨɻ
޿༿थྛɺদྛɺࠞ߹ྛ͔ΒͦΕͧΕɺ10ɺ11ɺ11 Ϋϩʔϯͷ amoA ͷԘج഑ྻΛղಡ
͠ɺܥ౷ղੳΛͯ͠ಘΒΕͨۙྡ݁߹ܥ౷थΛ Figure 6-4 ʹࣔ͢ɻܥ౷थ্Ͱ͸ɺຊݚ
ڀͰಘΒΕͨ amoA ͸ 3 ͭͷΫϥελʔʢΫϥελʔIɺIIɺIIIʣʹ෼͔Εͨɻ޿༿थྛ
ʹ༝དྷ͢Δ 10 Ϋϩʔϯͷ͏ͪ 4 Ϋϩʔϯͱɺদྛ͓Αͼࠞ߹ྛʹ༝དྷ͢ΔશͯͷΫϩ
ʔϯ͸ɺΫϥελʔII ʹɺ޿༿थྛ༝དྷͷ࢒ΓͷΫϩʔϯͷ͏ͪ 1 Ϋϩʔϯ͸Ϋϥελ
ʔI ʹɺ 4 Ϋϩʔϯ͸ΫϥελʔII ʹҐஔͨ͠ɻ ຊݚڀͰಘΒΕͨ͢΂ͯͷΫϩʔϯ͸ɺ
σʔλϕʔεʹొ࿥͞Ε͍ͯͨ౔৕༝དྷͷΫϩʔϯͱߴ͍Ԙج഑ྻ૬ಉੑΛࣔ͠ɺ  122 
Nitrosopumilus multimus SCM1 ΍ւ໖ Cenarchaeum symbiosum தͷ AOA ͱ͍ͬͨւ༸؀
ڥʹ༝དྷ͢Δ AOA ͱ͸ܥ౷తʹҟͳ͍ͬͯͨɻ 
 ଓ͍ͯఆྔ PCR ๏ʹΑΓ AOA ͷ amoA ଘࡏྔΛఆྔͨ݁͠ՌΛ Table  6-3 ʹࣔ͢ɻ
AOA ͷ amoA ίϐʔ਺ʹ͸޿༿थྛͱࠞ߹ྛͷؒͰ༗ҙ͕ࠩݟΒΕͨɻ·ͨɺAOA ͷ
amoA ίϐʔ਺͸ୈ 4 ষͰࢉग़ͨ͠૯঳Խ଎౓ͱͷؒʹऑ͍૬ؔʢp  =  0.003ɺGross 
nitrification rate = 3.4 ! 10
–9 ! abundance of AOA amoA gene – 0.5ɺr
2 = 0.43ɺn=18ʣΛࣔ͠
ͨʢFigure 6-5ʣɻ  
 2008 ೥ 9 ݄࠾औ౔৕ʢ౔৕ 1ɺDHSBR ͷ޿༿थྛɺদྛɺࠞ߹ྛͷίϯτϩʔϧ۠ʣ
ʹ͍ͭͯ͸ɺ ఆྔPCR๏ʹΑΓநग़ͨ͠RNA͓ΑͼDNAͷ྆ํΛ༻͍ͯAOAͷamoA
ଘࡏྔΛఆྔͨ͠ɻͦͷ݁ՌΛ Table 6-4 ʹࣔ͢ɻAOA ͷ amoA ίϐʔ਺͸৿ྛؒͰҟ
ͳΓɺDHSBR ͷদྛɺHSD ͷ޿༿थྛɺDHSBR ͷ޿༿थྛͷॱʹେ͖͘ͳΓɺ஠ૉ
ఴՃ۠ͱίϯτϩʔϧ۠Ͱ͸ࠩ͸ݟΒΕͳ͔ͬͨɻ·ͨɺcDNA ྔʹΑͬͯද͞ΕΔ
amoA  ͷ mRNA ίϐʔ਺ʹ͍ͭͯ΋ɺDNA ίϐʔ਺ͱಉ༷ͷ܏޲Λࣔͨ͠ɻ͞Βʹɺ
DNA ʹ΋ͱͮ͘ amoA ଘࡏྔͱୈ 5 ষͰࢉग़ͨ͠૯ಠཱӫཆੑ঳Խ଎౓ͱͷؒʹ༗ҙ
ͳ૬ؔ ʢp <0.05ɺ Gross nitrification rate = 7.0 ! 10
–10 ! abundance of AOA amoA gene + 0.2ɺ
r
2 = 0.86ɺn=5ʣ͕ೝΊΒΕͨʢFigure 6-6ʣɻ · ͨ mRNA ʹ΋ͱͮ͘ amoA ଘࡏྔͱ૯ಠ
ཱӫཆੑ঳Խ଎౓ͱͷؒʹ΋༗ҙͳ૬ؔʢp <0.05ɺGross nitrification rate = 1.9 ! 10
–9 ! 
abundance of archaeal amoA transcript + 0.3ɺr
2 = 0.86ɺn=5ʣ͕ೝΊΒΕͨʢFigure 6-6ʣɻ  
 
6.3.2 NOB ܈ू 
 2008 ೥ 9 ݄࠾औ౔৕ʢ౔৕ 1ɺDHSBR ͷ޿༿थྛɺদྛɺࠞ߹ྛͷίϯτϩʔϧ۠ʣ
ʹ͍ͭͯɺ NOB ͷதͰ΋౔৕؀ڥʹ͓͍ͯ༏઎͍ͯ͠Δͱߟ͑ΒΕ͍ͯΔ Nitrospira ଐ
ࡉەΛର৅ʹ PCR Λߦͬͨɻͦͷ݁Ռɺશͯͷ౔৕αϯϓϧʹ͓͍ͯɺNitrospira ଐࡉ
ەͷ 16S  rRNA Ҩ఻ࢠͷԘج഑ྻ͔Β༧ଌ͞ΕΔαΠζͱಉఔ౓ͷαΠζΛ΋ͭ DNA
ϑϥάϝϯτ͕ಘΒΕͨɻ޿༿थྛɺদྛɺࠞ߹ྛ͔ΒͦΕͧΕɺ10ɺ7ɺ4 Ϋϩʔϯ  123 
ͷ DNA ϑϥάϝϯτ഑ྻΛղಡ͠ɺ ܥ౷ղੳΛߦͬͨ ʢFigure 6-7ʣɻͦ ͷ ݁ Ռ ɺNitrospira
໳ʹ͸ଐ͢Δ͕ɺ NOB ͱͯ͠஌ΒΕ͍ͯΔ Nitrospira ଐʹ͸ଐ͞ͳ͍ࡉە༝དྷͷԘج഑
ྻ΋ಘΒΕ͕ͨɺ޿༿थྛɺদྛɺࠞ߹ྛ͔ΒಘΒΕͨΫϩʔϯͷதʹɺNitrosospira
ଐࡉەؚ͕·ΕΔ͜ͱ͕֬ೝ͞Εͨɻ͜ͷ͜ͱ͔Β޿༿थྛɺদྛɺࠞ߹ྛͷ౔৕தʹ
͸ Nitrosospira ଐͷ NOB ͕ଘࡏ͢Δ͜ͱ͕ࣔ͞Εͨɻ 
 
6.4 ߟ࡯ 
6.4.1 DHSBR ͓Αͼ HSD ʹ͓͍ͯ঳ԽΛ୲͍ͬͯΔඍੜ෺܈ू 
 શͯͷ౔৕αϯϓϧ͔ΒɺAOB ͷ 16S  rRNA Ҩ఻ࢠ΍ amoA ͸ PCR ʹΑͬͯ૿෯͞
Εͳ͔ͬͨɻAOB ͷ 16S  rRNA Ҩ఻ࢠΛର৅ͱ͢Δ CTO  ϓϥΠϚʔΛ༻͍ͨ nested 
PCR Ͱ͸ɺ૿෯࢈෺͕ಘΒΕ͕ͨɺԘج഑ྻղಡͷ݁ՌɺͦΕΒ͸ AOB Ҏ֎ͷࡉەʹ
༝དྷ͢Δ΋ͷͰ͋ͬͨʢFigure 6-3ʣɻ ط ԟ ݚ ڀ ʹ ͓ ͍ ͯ ΋ ɺ AOB ͷଘࡏྔ͕খ͍͞౔৕
͔Β͸ɺ CTO  ϓϥΠϚʔΛ༻͍ͯ΋ AOB Ҏ֎ͷࡉەʹ༝དྷ͢ΔҨ఻ࢠϑϥάϝϯτ͕
૿෯͞ΕΔ͜ͱ͕ใࠂ͞Ε͍ͯΔʢBäckman et al. 2003; Mahmood et al. 2006ʣɻ ͔͠͠ɺ
͜ΕΒͷݚڀ͸ओʹ PCR ൓ԠΛհͨ͠ํ๏ʹΑΔɻ͕ͨͬͯ͠ɺ͜Ε·Ͱ༻͍ΒΕͯ
͖ͨϓϥΠϚʔͷϛεϚονʹΑͬͯݕग़͞Εͳ͔ͬͨՄೳੑ͸൱ఆͰ͖ͳ͍ɻ ͦͷՄ
ೳੑΛݕ౼͢ΔͨΊഓཆґଘతख๏Ͱ͋Δ MPN ๏Λߦ͕ͬͨɺ AOB ͷ׆ੑͳΒͼʹ૿
৩͸֬ೝ͞Εͳ͔ͬͨɻ͜ΕΒͷ͜ͱ͔ΒɺDHSBR ͓Αͼ HSD ͷ৿ྛ౔৕Ͱ͸ AOB
܈ूͷଘࡏྔ͕ۃΊͯখ͍͞ͱߟ͑ΒΕΔɻطԟݚڀʹ͓͍ͯ΋ɺࢎੑ৿ྛ౔৕Ͱ͸
AOB ͷଘࡏྔ͕খ͍͜͞ͱ͕ใࠂ͞Ε͍ͯΔʢBäckman et al. 2003; Schmidt et al. 2007; 
Stopni$ek et al. 2010ʣɻͦ ͷ த Ͱ ΋ ɺBäckman et al. ʢ2003ʣ͸ ࢎ ੑ ਑ ༿ थ ྛ ౔ ৕ ʹ ͓ ͍ ͯ ɺ
6 ೥ؒ΋ͷੴփͷఴՃʹΑΔத࿨࡞ۀΛࢪͨ݁͠ՌɺఴՃલʹ͸ AOB ͷଘࡏ͕ݕग़͞
Εͳ͔͕ͬͨɺ౔৕ pH ͷ্ঢͱͱ΋ʹ AOB ͷ૿৩͕ݟΒΕͨ͜ͱΛใࠂͨ͠ɻ͜Ε
Βͷ͜ͱ͔Βɺ DHSBR ͓Αͼ HSD ͷ৿ྛ౔৕Ͱ AOB ͷଘࡏྔ͕খ͍͞ͷ͸ɺ ౔৕ pH
͕ۃΊͯ௿͍͜ͱʹΑΔՄೳੑ͕ߟ͑ΒΕΔɻ   124 
 AOB ͱ͸ҟͳΓɺAOA ͷଘࡏྔ͸ۃΊͯେ͖͍͜ͱ͕໌Β͔ʹͳͬͨɻ͢ͳΘͪɺ
ຊݚڀͷ͢΂ͯͷ౔৕αϯϓϧʹ͓͍ͯ 10
8 - 10
9 g-soil
–1Φʔμʔͷ AOA ͷ amoA ͕ͷ
ଘࡏ͕ೝΊΒΕͨɻ͜Ε͸ɺطԟݚڀʹ͓͚Δଞͷࢎੑ৿ྛ౔৕ʢ5  ! 1 0
6   - 6  !  10
7 
g-soil
–1ʣʢ Boyle-Yahwood et al. 2008; Stopni$ek et al. 2010ʣ΍ࢎੑ೶ߞ஍౔৕ʢ2 ! 10
6   - 1 
! 10
8 g-soil
–1ʣʢ Leininger et al. 2006; He et al. 2007; Nicol et al. 2008; Chen et al. 2008: 
Gubry-Rangin et al. 2010ʣͰใࠂ͞Εͨ஋ΑΓେ͖͍ɻ·ͨɺDHSBR ͷ޿༿थྛʢίϯ
τϩʔϧ۠ʣ ɺদྛʢίϯτϩʔϧ۠ʣ ɺࠞ߹ྛʢίϯτϩʔϧ۠ʣͷ AOA  amoA ͷଘ
ࡏྔͱୈ 4 ষͰࢉग़ͨ͠૯঳Խ଎౓ͱͷؒʹ૬͕ؔݟΒΕͨɻ·ͨɺDHSBR ͷ޿༿थ
ྛʢίϯτϩʔϧ۠ɺ஠ૉఴՃ۠ʣ ɺদྛʢίϯτϩʔϧ۠ɺ஠ૉఴՃ۠ʣ ɺHSD ͷ޿
༿थྛͷ DNA ͓Αͼ mRNA ʹ΋ͱͮ͘ AOA  amoA ͷଘࡏྔͱୈ 5 ষͰࢉग़ͨ͠૯ಠ
ཱӫཆੑ঳Խ଎౓ͱͷؒʹ΋ɺͦΕͧΕ༗ҙͳ૬͕ؔݟΒΕͨʢFigure 6-5ɺ6-6ʣɻ ͜ Ε
Βͷ͜ͱ͔Βɺ২ੜ΍஠ૉྲྀೖྔ͕ҟͳ͍ͬͯͯ΋ɺຊݚڀαΠτͷ৿ྛ౔৕ʹ͓͍ͯ
͸ AOA ͕ΞϯϞχΞࢎԽΛ୲͍ͬͯΔओཁͳඍੜ෺܈Ͱ͋Δͱߟ͑ΒΕͨɻ·ͨͦΕ
ͱಉ࣌ʹɺ֤৿ྛ౔৕தͷ૯঳Խ଎౓͸ AOA ͷଘࡏྔʹΑͬͯେ͖͘ίϯτϩʔϧ͞
Ε͍ͯΔ͜ͱ͕ࣔࠦ͞ΕͨʢFigure 1-8Bʣɻ  
 NOB ʹؔͯ͠ɺDHSBR ͷ޿༿थྛɺদྛɺࠞ߹ྛʹ͓͍ͯ NOB ͷ 1 άϧʔϓͰ͋
Δ Nitrosospira ଐࡉەͷଘࡏ͕֬ೝ͞Εͨɻ ͕ͬͯ͠ɺ গͳ͘ͱ΋ DHSBR ʹ͓͍ͯ͸ɺ
AOA ͱ NOB ͕঳ԽʢͦΕͧΕɺΞϯϞχΞࢎԽͱѥ঳ࢎࢎԽʣΛ୲͍ͬͯΔओཁͳඍ
ੜ෺܈Ͱ͋Δ͜ͱ͕ࣔࠦ͞Εͨɻ 
 
6.4.2 DHSBR ͷ AOA ͷܥ౷ 
 DHSBR ͷ޿༿थྛɺ ࠞ߹ྛɺ দྛͷίϯτϩʔϧ͔۠ΒಘΒΕͨ AOA ͷ amoA Ϋϩ
ʔϯͷ΄ͱΜͲ͸ɺ σʔλϕʔεʹొ࿥͞Ε͍ͯΔதࠃͷ౔৕ʹ༝དྷ͢ΔࢀরΫϩʔϯ
ͷ amoA Ԙج഑ྻ͔Βਪఆ͞ΕΔΞϛϊࢎ഑ྻͱߴ͍૬ಉੑΛࣔͨ͠ ʢFigure 6-4 ࢀরʣ ɻ
ಘΒΕͨ33Ϋϩʔϯͷ͏ͪ26ΫϩʔϯͷΞϛϊࢎ഑ྻ͸தࠃͷ೶ߞ஍౔৕͔ΒಘΒΕ  125 
ͨࢀরΫϩʔϯͷΞϛϊࢎ഑ྻͱͱ΋ʹ 1 ͭͷΫϥελʔΛܗ੒ͨ͠ʢCluster  IIʣɻ
Cluster III  ͷ Group 2 ʹؚ·ΕΔ AOA ͷ amoA ͷΞϛϊࢎ഑ྻʹ͍ͭͯ΋ɺத ࠃ ͷ Ռ थ
Ԃ౔৕͔ΒಘΒΕͨlclone A O A  C4zͷΞϛϊࢎ഑ྻͱಉҰͰ͋ͬͨʢHuaiying  Yao, 
Zhejiang University, pers. comm.ʣɻ Ying et al.ʢ2010ʣ΋ɺதࠃͷಉ͡লͷҟͳΔϑΟʔϧ
υ͔ΒಘΒΕͨ AOA ͷ amoA Ξϛϊࢎ഑ྻ͕ޓ͍ʹߴ͍૬ಉੑΛࣔ͢͜ͱΛใࠂͯ͠
͍Δɻ͜ΕΒͷ݁Ռ͸ AOA ͷ amoA ͷܥ౷ͱ஍ཧత෼෍ͱͷؒʹؔ܎͕͋Δ͜ͱɺ͞
Βʹ͸தࠃͷ౔৕ʹ༝དྷ͢Δ AOA  amoA ͔ΒͳΔಛ௃తͳܥ౷܈͕ଘࡏ͢Δ͜ͱΛࣔ
͍ࠦͯ͠Δɻ 
 
6.4.3 AOA ͱ AOB ͷੜଶ 
 AOA ͷൃݟʢKönneke et al. 2005ʣҎདྷɺAOA ͷੜଶ΍஠ૉ॥؀ʹର͢Δ໾ׂʹ͍ͭ
ͯଟ͘ͷݚڀ͕ͳ͞Ε͍ͯΔʢୈ 1 ষɺηΫγϣϯ 1.3ʣɻ ͠ ͔ ͠ ɺ ౔ ৕ ؀ ڥ ʹ ͓ ͍ ͯ
AOA ͕ͲΕ͚ͩ঳Խʹد༩͍ͯ͠Δͷ͔ʹ͍ͭͯ͸ɺ ະͩͦͷେ෦෼͕ະղ໌Ͱ͋Δɻ
ଟ͘ͷطԟݚڀͰ͸ɺࢎੑ౔৕ʹ͓͍ͯ AOA ͷଘࡏྔ͕ AOB ʹൺ΂ͯଟ͍͜ͱ͕ใ
ࠂ͞Ε͍ͯΔɻ͔͠͠ɺ͜Ε·Ͱࢎੑ౔৕ʹؔΘΒͣɺ౔৕தͷ AOA ͷ amoA ίϐʔ
਺ͱ૯঳Խ଎౓ͱͷؒʹ༗ҙͳ૬ؔΛݟग़ͨ͠ݚڀྫ͸ͳ͍ɻΉ͠Ζଟ͘ͷݚڀྫ
ʢNicol et al. 2008; Shen et al. 2008; Di et al. 2010; Ying et al. 2010ʣͰ͸ɺAOB ͷ amoA ଘ
ࡏྔͷํ͕ɺAOA ͷ amoA ଘࡏྔʹൺ΂ͯɺ౔৕தͷ঳Խ଎౓ʢ७঳Խ଎౓΍঳Խϙ
ςϯγϟϧʣ ͱߴ͍૬ؔΛࣔ͢͜ͱΛใࠂ͍ͯ͠Δɻ ·ͨ Jia and Conrad ʢ2009ʣ΍ Di et 
al.ʢ2009ʣ͸ɺ೶ߞ஍·ͨ͸຀૲஍౔৕ʹ͓͍ͯɺAOA ͷ঳Խ΁ͷد༩͸ AOB ͷد༩
ʹൺ΂ͯང͔ʹখ͍͞ͱ͍͏݁࿦Λใࠂ͍ͯ͠Δɻ 
 ͜ΕΒͷঢ়گʹ͍ͭͯɺຊݚڀ͓Αͼطԟݚڀͷ݁ՌΛ΋ͱʹɺ౔৕தͷ AOB ͱ
AOA ͷΞϯϞχΞࢎԽ׆ੑͷҧ͍͔Βߟ࡯͢Δɻ·ͣຊݚڀʹ͓͍ͯɺୈ 4 ষͱຊষ
ͷ݁Ռ͔Β૯঳Խ଎౓ͱ AOA amoA ͷίϐʔ਺ͷࣜɺ 
 ʢ૯঳Խ଎౓ʣ= 3.4 ! 10
–9 !  ʢAOA amoA ίϐʔ਺ʣ– 0.5   126 
Λಘͨɻ·ͨୈ 5 ষͱຊষͷ݁Ռ͔Β૯ಠཱ঳Խ଎౓ͱ AOA amoA ͷίϐʔ਺ͷࣜɺ 
 ʢ૯ಠཱӫཆੑੑ঳Խ଎౓ʣ= 7.0 ! 10
–10 !ʢAOA amoA ίϐʔ਺ʣ+ 0.2 
ΛಘͨɻҰํɺHawkes et al.ʢ2005ʣ͸૲஍౔৕ʹ͓͍ͯ AOB ͷଘࡏྔͱ૯঳Խ଎౓ͱ
ͷؒʹ༗ҙͳ૬ؔΛݟग़͠ʢP < 0.001ʣɺ  
 ʢ૯঳Խ଎౓ʣ= 8.9 ! 10
–6 !ʢAOB 16S rRNA Ҩ఻ࢠίϐʔ਺ʣ+ 0.813 
Λಘͨɻ͜͜Ͱ࣍ͷ 2 ͭͷԾઆΛཱͯΔɺ͢ͳΘͪʢ1ʣ૲஍౔৕ʹ͓͍ͯ͸ AOB ͕ओ
ʹ঳ԽΛ୲͍ͬͯΔʢDi et al. 2009ʣɺʢ 2ʣࡉ๔಺ͷ amoA ίϐʔ਺͸ 2ɺ16S rRNA Ҩ఻
ࢠίϐʔ਺͸ 1 Ͱ͋ΔʢNorton et al. 2008ʣɻ ͜ͷ̎ͭͷԾઆΛ࠾༻͢Δͱɺ্هͷ AOA
͓Αͼ AOB ʹؔ͢Δࣜͷ܏͖͔Βɺ౔৕தͷ AOA ͷҰࡉ๔͋ͨΓͷΞϯϞχΞࢎԽ
׆ੑ͸ AOB ͷ 0.4 ! 10
–4 – 1.9 ! 10
–4ఔ౓ͱਪଌͰ͖Δɻ࣮ࡍʹ͸ AOBɺAOA ͱ΋ʹҰ
ࡉ๔͋ͨΓͷ׆ੑ͸ݸମ͝ͱʹҟͳΓɺ ͔ͭ͢΂ͯͷݸମ͕౔৕தͰ׆ಈతͰ͋Δͱ͸
ݶΒͳ͍ɻ ͔͠͠ɺ AOA ͷҰࡉ๔͋ͨΓͷΞϯϞχΞࢎԽ׆ੑ͸ AOB ͷ׆ੑʹൺ΂ͯ
͸Δ͔ʹ௿͍͜ͱ͕ਪ࡯͞ΕΔɻ ʢAOA ͷҰࡉ๔͋ͨΓͷΞϯϞχΞࢎԽ׆ੑʗAOB
ͷҰࡉ๔͋ͨΓͷΞϯϞχΞࢎԽ׆ੑʣ = 0.4 ! 10
–4 - 1.9 ! 10
–4ͱ͍͏਺஋Λ࠾༻͢Δͱɺ
AOA ͱ AOB ͷଘࡏൺ͕গͳ͘ͱ΋ 10
3ఔ౓Ҏ্Ͱͳ͍ͱ౔৕தͷ AOA ͷΞϯϞχΞ
ࢎԽ׆ੑ͸΄ͱΜͲΈΒΕͳ͍ͱਪ࡯Ͱ͖Δɻ ୅දతͳطԟݚڀͰݟग़͞Ε༷ͨʑͳ౔
৕தͷ AOA amoA ͷίϐʔ਺ͱ AOB amoA ͷίϐʔ਺ͷൺΛ Table 6-5 ʹ·ͱΊΔɻ΄
ͱΜͲͷ౔৕Ͱ AOA amoA ͷίϐʔ਺͕ AOB amoA ͷίϐʔ਺Λ্ճ͍ͬͯΔ͕ɺͦ
ͷൺ͸ Stopni$ek et al.ʢ2010ʣΛআ͚͹ 10
3ҎԼͰ͋Δɻ্͕ͨͬͯ͠هͷΑ͏ͳ౔৕ͷ
ଟ͘Ͱ͸ AOA ͷ঳Խ΁ͷد༩͸ AOB ʹൺ΂ͯང͔ʹখ͍͞ͱਪ࡯͞ΕΔɻTable  6-5
ʹ͓͍ͯ΋ɺStopni$ek  et  al.ʢ2010ʣ͸ࢎੑϐʔτ৿ྛ౔৕Λ༻͍ͨϚΠΫϩίζϜ࣮
ݧΛߦ͍ɺAOA ͷ amoA ͕ 10
7 g-soil
–1ͷΦʔμʔͰ֬ೝ͞ΕͨҰํͰɺAOB ͸ݕग़͞
ΕͣɺAOA ͕ओʹ঳ԽΛ୲͍ͬͯΔ͜ͱΛ͍ࣔࠦͯ͠ΔʢStopni$ek et al. 2010ʣɻ  
 ͜ͷΑ͏ͳ AOA ͱ AOB ͷҰࡉ๔͋ͨΓͷΞϯϞχΞࢎԽ׆ੑͷࠩҟ͸ɺAOA ͷࡉ
๔ͷαΠζ͕ɺAOB ͷࡉ๔ͷαΠζʹൺ΂ͯஶ͘͠খ͍͜͞ͱʹىҼ͢Δͷ͔΋͠Ε  127 
ͳ͍ɻதԹੑ AOA ͷ།Ұͷ୯཭גͰ͋Δ Nitsopumilus  multimus SCM1ͷࡉ๔αΠζ͸
খ͘͞ɺ෯ 0.17 - 0.22%mɺ௕͞ 0.5 - 0.9%m ͷᑈەঢ়Ͱ͋ΔʢKönneke et al. 2005ʣɻ ͦ Ε
ʹൺ΂ͯ୅දతͳAOBͰ͋ΔNitrosospira multiformis ʢ෯1.0 - 1.5 %mɺ௕ ͞ 1.0 - 2.5 %mɺ
খ༿ঢ়ʣ΍ Nitrosomonas europaeaʢ෯ 0.8 - 0.9 %mɺ௕͞ 1.0 - 2.0 %mɺ୹ᑈەঢ়ʣͷࡉ
๔αΠζʢWatson et al., 1989ʣ͸େ͖͍ɻ͜ΕΒ 3 ג͢΂ͯΛԁபঢ়ͱԾఆͯ͠ܭࢉ͢
ΔͱɺN. multimus SCM1 ͷࡉ๔αΠζ͸ N. multiformis ͓Αͼ N. europaea ͷ 10
–2ഒఔ౓
Ͱ͋Δɻ 
 ͦΕͰ͸ͳͥɺ DHSBR ͓Αͼ HSD ͷ৿ྛ౔৕ʹ͓͍ͯɺ AOA ͕ AOB ʹൺ΂ͯஶ͠
͘༏઎͍ͯ͠Δͷ͔ɻͦΕ͸ DHSBR ͓Αͼ HSD ͷ౔৕͕lۃݶ؀ڥzతͰ͋Δ͜ͱ
ʹىҼ͍ͯ͠ΔՄೳੑ͕͋ΔɻDHSBRɺHSD ͱ΋ʹѥ೤ଳྛ౔৕Ͱ͋ΔͨΊ෩Խ͕ਐ
Έࢎੑ෺࣭ʹର͢Δ؇িೳ͕΋ͱ΋ͱ௿͍ੑ࣭ͷ౔৕Λ༗͍ͯ͠Δ͏͑ɺ ௕ظʹΘͨΔ
ࢎੑ෺࣭ͷ߱ԼʹΑͬͯ͞ΒʹࢎੑԽ͕ਐߦ͍ͯ͠Δ ʢLiu et al. 2010ʣɻ͠ ͨ ͕ ͬ ͯ AOB
͓Αͼ AOA ͷج࣭ͱͳΔ NH3͸ͦͷߴ͍ pKaʢ=9.25ʣΏ͑ʹେ෦෼͸ NH4
+΁ͱΠΦ
ϯԽ͍ͯ͠ΔʢAllison and Prosser 1991ʣɻ ຊݚڀͱطԟݚڀͷ݁Ռ͔Β AOA ͷ 1 ࡉ๔
͋ͨΓΞϯϞχΞࢎԽೳ͸ AOB ͷ 10
–4 ഒఔ౓ͱਪ࡯͞Εͨ͜ͱ͸ಉ࣌ʹɺAOA ͷ 1
ࡉ๔͕ͦͷ׆ੑΛҡ࣋͢Δͷʹඞཁͳ NH3͸ AOB ʹൺ΂ͯ͸Δ͔ʹগͳ͍͜ͱΛҙຯ
͢Δɻ͜Ε͸ N. multimus SCM1 ͷࢸద NH3ೱ౓ʢ͋Δ͍͸ apparent Km ஋ʣ͕ AOB ͷ
୯཭גʹൺ΂ͯஶ͘͠ʢ10
3ഒఔ౓ʣ௿͍͜ͱͱ΋੔߹͢ΔʢMartens-Habbena  2009ʣɻ
Ϧιʔεʢج࣭ʣͷྔ͕ۃΊͯݶఆ͞Ε͍ͯΔ৚݅ʹ͓͍ͯ͸ɺ1 ࡉ๔౰ͨΓͷඞཁ͢
ΔϦιʔεͷྔ͕ଟ͍ݸମΑΓ΋গͳ͍ݸମͷํ͕ੜଘڝ૪্༗རͰ͋Δͱߟ͑ΒΕ
ΔʢFierer et al. 2007ʣɻ ͜ ͷ Α ͏ ͳ ཧ ༝ ͔ Β AOA ͸ɺAOB ʹ͸ར༻Ͱ͖ͳ͍΄Ͳͷݶ
ఆͨ͠ϦιʔεʢNH3ʣΛར༻͢Δ͜ͱͰɺࢎੑ౔৕ʹ͓͍ͯ΋ͦͷଘࡏྔٴͼ׆ੑΛ
ҡ͍࣋ͯ͠ΔՄೳੑ͕ߟ͑ΒΕΔɻ 
 ·ͨطԟݚڀ͕͍ࣔͯ͠Δ௨Γɺ AOA ͸ AOB ͕ੜҭ͢Δͷʹద͞ͳ͍Α͏ͳ؀ڥʹ
΋దԠ͠͏ΔՄೳੑ͕ߴ͍ɻྫ͑͹ɺࢎੑ౔৕ʢLeininger  et  al.  2006;  He  et  al.  2007;   128 
Boyle-Yahwood et al. 2008; Nicol et al. 2008; Chen et al. 2008ʣͷ ଞ ʹ ɺԹ ઘʢ de la Torre et al. 
2008; Reigstad et al. 2008ʣɺ NH4
+ೱ౓ͷ௿͍֎༸ͳͲͷ؀ڥʹ͓͍ͯɺAOA ͷଘࡏྔ·
ͨ͸׆ੑ͕ AOB ͷͦΕΑΓߴ͍͜ͱ͕஌ΒΕ͍ͯΔɻ·ͨɺ͜Ε·Ͱʹഓཆ͞Ε͍ͯ
Δ 3 छʢ ֤ 1 גʣ ͷ AOA ʹ͍ͭͯ΋ɺ Թઘ ʢCandidatus Nitrososphaera gargensisɺ Candidatus 
Nitrosocaldus yellowstoniiʣ͋Δ͍͸֎༸؀ڥʢN. multimus SCM1ʣ͔Β୯཭͞Εɺ͔ͭ
ͦΕΒͷࢸదΞϯϞχΞೱ౓͸ɺAOB ͷ୯཭גΑΓང͔ʹ௿͍ʢde la Torre et al. 2008; 
Hatzenpichler et al. 2008; Martens-Habbena et al. 2009ʣɻ ͦ ͷ Ұ ํ Ͱ ɺ ࢪ ං ʹ Α Γ NH3ͷՄ
څੑ͕ߴ͍೶ߞ஍౔৕ʹ͓͍ͯ͸ AOB  ͕ओʹΞϯϞχΞࢎԽΛ୲͓ͬͯΓɺAOA ͷ
د༩͸ང͔ʹখ͍͜͞ͱ͕ใࠂ͞Ε͍ͯΔʢJia and Conrad 2009; Di et al. 2009ʣ ɻ͜ΕΒ
ͷ͜ͱ͔ΒɺDHSBR ͓Αͼ HSD ͷ৿ྛ౔৕͸ AOB ʹͱͬͯ  lաࠅͳz؀ڥͰ͋Δ
͕ɺAOA ʹͱͬͯ͸ੜҭՄೳͳʢ͋Δ͍͸ੜҭʹదͨ͠ʣ؀ڥͰ͋Δͱߟ͑ΒΕΔɻ Table 6-1. Primers and PCR ampliﬁcation conditions 
Primer set  Target gene 
Thermocycling program 
Annealing 
temp. (°C) 
Extention 
time (s) 
CTO189f - CTO654r 
AOB  
(16S rRNA gene) 
55  45 
m27f - m1492r 
Eubacteria  
(16S rRNA gene) 
50  120 
amoA1f - amoA2r  AOB (amoA)  55  45 
CrenamoA23f - 
CrenamoA616r 
Archaea (amoA)  52  60 
m27f - Nspira705r 
genus Nitrospira  
(16S rRNA gene) 
52  80 
The general thermocycling program used was as follows: 10 min at 94°C; 25 
cycles of 30 s at 94°C, 30 s at the speciﬁed annealing temperature, and the 
speciﬁed extension time at 72°C and a 10-min ﬁnal extension at 72°C. 
Table 6-2. Media composition for culturing ammonia oxidizers (mg/L) 
pH*  5.5  5.5  7.5 
KH2PO4  20.4  20.4 
K2HPO4  26.1 
Na2HPO4 
MgSO4 ! 7H2O  5  5  5 
CaCl2 ! 2H2O  2  2  2 
Fe-EDTA  solution**  0.1mL  0.1mL  0.1mL 
NaHCO3  5  5  5 
(NH4)2SO4  6.6, 66, 661, 6608   6.6, 66 
(NH2)2CO  3, 30 
ATCC 1573 trace 
element solution*** 
0.1mL  0.1mL  0.1mL 
*pH was ﬁnally adjusted with HCl or Na2CO3 
**Fe-EDTA  solution (mg/L) 
FeSO4 ! 7H2O  24.6 
EDTA disodium  33.1 
***ATCC 1573 trace element solutuion (mg/L) 
Na2MoO4 ! 2H2O  100 
MnCl2 ! 4H2O  200 
ZnSO4 ! 7H2O  100 
CoCl2 ! 6H2O  2 
CuSO4 ! 5H2O  20 
Table 6-3.  Abundance of archaeal amoA gene (/g-soil)  in soils of broadleaf, pine 
and mixed forest at DHSBR 
broadleaf  pine  mixed 
Archaeal 
amoA gene  1.2 ± 0.1×109 a  9.3 ± 2.0×108 ab  3.2 ± 0.4×108 b 
Data are shown as mean ± standard error, n=4 
Different letters following the values indicate signiﬁcant differences among forests 
(p<0.05) based on one-way analysis of variance (ANOVA) with Turkey's HSD 
Table 6-4.  Abundance of archaeal amoA gene and transcript (/g-soil) in soils of control and N-addition 
plots in broadleaf forest and control and N-addition plots in pine forest at DHSBR, and broadleaf 
forest at HSD. 
DHSBR  HSD 
Broadleaf 
Control 
Broadleaf 
N-addition* 
Pine    
Control 
Pine 
N-addition* 
Broadleaf 
Archaeal amoA 
gene  2.7 ± 1.2×109 a  3.2 ± 0.5×109 a  5.5 ± 1.6×108 b  4.8 ± 2.0×108 b  1.5 ± 0.2×109 c 
Archaeal amoA 
transcript  1.0 ± 0.2×109 a  9.7 ± 2.0×108 b  1.2 ± 0.5×108 b  6.3 ± 3.2×107 c  5.2 ± 0.1×108 a 
Data are shown as mean ± standard error, n=4 
Different letters following the values indicate signiﬁcant differences among forests (p<0.05) based on 
one-way analysis of variance (ANOVA) with Turkey's HSD 
Table 6-5. The ratio of gene abundance of amoA of AOA to that of amoA of AOB 
in various types of soil. 
soil type  pH  AOA : AOB*  reference 
agricultural  4.9 – 7.5  32 - 125  Nicol et al. (2008) 
agricultural  8.3-8.7  7.8 - 276  Shen et al. (2008) 
agricultural  6.9-7.0  54 - 217  Jia and Conrad (2009) 
agricultural  4.5  1.8 - 3.7  Gubry-Rangin et al. (2008) 
agricultural  6  0.7 - 3.5  Gubry-Rangin et al. (2008) 
agricultural  5.5-7.3  2.3 - 232  Leininger et al. (2005) 
pristine  6.9-7.1  14 - 53  Leininger et al. (2005) 
pasture   5.7-6.5  3.0 - 254  Di et al. (2009) 
paddy 
rhizosphere 
6.8  1.2 - 69.3  Chen (2008) 
forest  4  0.42 - 1.80  Boyle-Yahwood et al. (2008) 
forest  5  n.d.**  Boyle-Yahwood et al. (2008) 
forest  4.1  < 2.6 × 107- 3.9 × 107  Stopnišek et al. (2010) 
forest  3.6 – 4.2 
>9.6 × 103 -  
     6.4 × 104 ****  
this study 
• AOA : AOB represents the ratio of gene abundance of amoA of AOA to that of 
amoA of AOB. 
**amoA gene of AOA were not detected from the soil. The detection limit was 5 × 
104 copies g-1 of soil 
***amoA gene of AOB were not detected from the soil. The detection limit were 
not described.  
****The detection limit was 5 × 104 copies g-1 of soil 
Random Primer (6 mers) (50 μM)  2 μL (100 pmol) 
dNTP mixture (2.5 mM each)    4 μL (1 mM) 
RNA template       1 μL (approx. 100 ng) 
RNase-free water      6 μL            
Total        13 μL 
! 
65 °C, 5 min 
! 
on ice for at least 1 min 
! 
RNA/ primer mixture        13 μL  
5 x First-Strand Buffer        4 μL 
DTT (0.1 M)         1 μL 
RNaseOUT™ Recombinant RNase Inhibitor (20 U/μL)  1 μL 
Reverse Transcriptase (200 U/μL)      1 μL 
Total          20 μL  
! 
25 °C      5 min 
50 °C (random primers) 60 min 
70 °C      15 min 
4 °C      ∞  
RNA template  100 μL 
10 x buffer  11 μL 
DNase    2 μL   
Total    112 μL 
! 
37°C, 30 min 
(A) 
(B) 
Figure 6-1. Compositions of mixture and conditions for (A) DNase 
reaction and (B) Reverse Transcription PCR 
1  3  2  5  4  7  6  9  8  10 11  12 13 14 15 16 17 18 19 20 21 22 
Figure 6-2. Picture of electrophoresis of DNA fragment ampliﬁed using 
CTO  primers  (Kowalchuket  al.  1997)  targeting  16S  RNA  gene  of 
ammonia  oxidizing  bacteria.  Lane  1,  22:  size  marker,  2-7:  DNA 
extracted from broadleaf forest soils, 8-13: DNA from pine forest soils, 
14-19: DNA from mixed forest soils, 20: positive control (DNA obtained 
from agricultural soil), 21: negative control (sterilized water). 
Nitrosococcus oceani ATCC19707 [AF363287] 
Clone 1-3 (BL) 
Clone 1-5 (BL) 
Clone 1-2 (BL) 
Clone 1-4 (BL) 
Clone 1-1 (BL) 
Oxalobacteraceae bacterium NR179 [DQ520825] 
100 
Herbaspirillum sp. G8A1 [AJ012069] 
Herbaspirillum sp. P64 [AM411937]  97.5 
Leptothrix sp. MBIC3364 [AB015048] 
Schlegelella thermodepolymerans K14 [AY152824] 
Clone 4-8 (BL) 
99.9 
68.4 
Thauera butanivorans IAM 12574 [AB021377] 
Azonexus fungiphilus [AJ630292] 
Azonexus fungiphilus [AF011350] 
Azonexus caeni [AB166882] 
Clone 4-10 (BL) 
Clone 4-7 (BL) 
Clone 4-1 (BL) 
Clone 4-6 (BL) 
Clone 4-9 (BL) 
Clone 4-3 (BL) 
Clone 4-11 (BL) 
Clone 4-4 (BL) 
Clone 4-5 (BL) 
Clone 4-12 (BL) 
Clone 4-2 (BL) 
100 
100 
Nitrosomonas europaea [AB070982] 
Nitrosomonas eutropha [AY123795] 
Nitrosomonas aestuarii [AF272420] 
Nitrosomonas marina [AF272418] 
Nitrosomonas ureae [AJ298730] 
Nitrosomonas sp. AL212 [AB000699] 
Nitrosomonas oligotropha [AF272422] 
67.5 
97.1 
88.5 
99.3 
87.7 
Nitrosomonas communis [AJ298732] 
Nitrosospira sp. NpAV [Y10127] 
Nitrosospira multiformis [AY123807] 
Nitrosospira sp. Nsp2 [AY123802] 
Nitrosospira sp. III7 [AY123809] 
Nitrosospira sp. AHBI [X90820] 
Nitrosospira briensis [AY123800] 
Nitsosospira tenuis [AJ298746] 
99.9 
Nitrosospira sp. Ka3 [AY123806] 
81.2 
100 
99.8 
68.6 
Knuc 
= 0.02  Nitrosospira 
-lineage 
Nitrosomonas 
-lineage 
Figure 6-3. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences obtained 
by ampliﬁcation using primers, CTO189f and CTO654r. Bootstrap values higher than 65% are 
indicated at nodes. The names beginning with “Clone” denote the sequences obtained in the 
present study. BL in the parentheses represent the broadleaf forest, from which the clones 
were  originated.  Taxonomic  units  with  each  grey  square  background  shared  an  identical 
sequence  within  the  region  analysed. Accession  numbers  in  DDBJ/EMBL/GenBank  for  the 
reference sequences are indicated in the square brackets. 
Figure 6-4. Neighbour-joining phylogenetic tree based on amino acid sequences of AOA-
amoA. Bootstrap values higher than 65% are indicated at nodes. The names beginning 
with “Clone” and “Group” denote the sequences obtained in the present study; the clones 
of a Group shared an identical sequence. BL, P, and M in the parentheses represent the 
broadleaf, pine, and mixed forests at DHSBR, respectively, from which the clones were 
originated.  Taxonomic  units  with  each  grey  square  background  shared  an  identical 
sequence within the region analysed. Accession numbers in DDBJ/EMBL/GenBank for the 
reference sequences are indicated in the square brackets. 
Nitrosopumilus maritimus SCM1 [EU239959] 
Cenarchaeum symbiosum A [ABK77038]!
Shotgun sequences in Sargasso sea [AACY01435967] !
forest soil (USA) 5B1 [EF530112]!
forest soil (USA) 10G2 [EF530120]!
agri. soil (UK) CSamoA 2 4.9 [EU856181]!
agri. soil (UK) CSamoA 8 4.9 [EU856187]!
forest soil (USA) 6B1 [EF530114]!
 forest soil (China) AOA-R124 [HM047253]!
 forest soil (China) AOA-R75 [HM047260]!
 forest soil (China) AOA-R9 [FJ174700]!
 forest soil (China) AOA-R21 [FJ174701]!
agri. soil (UK ) CSamoA 1 4.9 [EU856180]!
agri. soil (UK ) CSamoA 5 4.9 [EU856184]!
forest soil (USA) 9A2 [EF530119]!
tea orchard soil (China) AOA C4 [FN869059]!
Group 2 (4 clones from BL)!
sediment (USA) WBF071204 19E11 [FJ227691]!
forest soil (Australia) FE2NC2B 43 [HM131597] 
forest soil (Australia) DH04fR 34 [HM131570]!
watershed soil (USA) AOA-Cu sH07 [EU339457]!
watershed soil (USA) AOA-Cu sG08 [EU339447]!
Clone 8-10 (BL)!
agri. soil (China) AOA-C57 [FJ174703]!
agri. soil (China) AOA-C68 [FJ174704]!
agri. soil (China) AOA-C59 [FJ174705]!
sediment (Denmark) HS AOA 6 [EU667819]!
"##$% (Denmark) JHRp AOA 10 [EU667990]!
"&'(#%)&*"* (Denmark) JHR AOA 1 [EU667981]!
HS AOA 5 (sediment) [EU667818]!
Clone 10-1 (M)!
tea orchard soil (China) 27#4  [GU396241]!
Clone 10-6 (M) 
Clone 10-7 (M) 
agri. soil (China) AOA-C51 [FJ517358]!
Clone 8-5 (BL) 
tea orchard soil (China) 46#13 [GU396250]!
agri. soil (China) AOA-C69 [FJ517366]!
agri. soil (China) AOA-C61 [FJ174702]!
Group 1 (3, 11, and 8 clones from BL, P, and M, respectively)!
agri. soil (China) AOA-C63 [FJ517363]!
agri. soil (China) AOA-C64 [FJ517364]!
agri. soil (China) AOA-C53 [FJ517359]!
tea orchard soil (China) AOA C58 [FN869065]!
tea orchard soil (China) AOA C57 [FN869075]!
tea orchard soil (China) 27#29 [GU396243]!
agri. soil (UK) CSamoA 10 4.9 [EU856189]!
forest soil (USA) 4B2 [EF530110]!
forest soil (USA) 12C1 [EF530122]!
forest soil (USA) 4C2 [EF530111]!
forest soil (USA) 5C1 [EF530113]!
agri. soil (UK) CSamoA 3 4.9 [EU856182]!
agri. soil (UK) CSamoA 4 4.9  [EU856183]!
agri. soil (UK) CSamoA 6 4.9[EU856185]!
agri. soil (UK) CSamoA 9 4.9[EU856188]!
forest soil (USA) 9H1 [EF530118]!
forest soil (USA) 11E2 [EF530123]!
forest soil (USA) 12E2 [EF530125]!
forest soil (USA) 12F2 [EF530126]!
forest soil (USA) 7F1 [EF530115]!
forest soil (USA) 8H2 [EF530117]!
forest soil (USA) 12B1 [EF530121]!
Candidatus Nitrososphaera gargensis [EU281321] 
Uncultured soil genomic fragment 54d9 [AJ627422]!
agri. soil (UK) CSamoA 7 4.9 [EU856186]!
Clone 8-2 (BL)!
Candidatus Nitrosocaldus yellowstonii HL72 [EU239961] 
85.9!
71.6!
74.2!
86.0!
65.8!
82.6!
100.0!
99.3!
99.7!
75.2!
96.6!
88.3!
67.9!
100.0!
100.0!
70.6!
Knuc 
= 0.02 
marine!
I!
II!
III!
Abundance of archaeal amoA gene (/ g-soil) 
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Figure 6-5. Relationship between abundance of archaeal amoA gene and gross 
nitriﬁcation rate in soils of control plots in broadleaf (˔), pine (˘) and mixed forest 
(˚)  at  DHSBR. A  signiﬁcant  correlation  between  them  was  found  (p  =  0.003, 
Gross nitriﬁcation rate = 3.4 × 10-9 × abundance of archaeal amoA gene  – 0.49, r2 
= 0.43).  

Broadleaf Figure 6-6. Relationship between abundance of archaeal amoA gene (A) and 
amoA transcripts (B) and gross autotrophic nitriﬁcation rates in soils of control 
and N-addition plots in broadleaf forest (˔ and ˓) and control and N-addition 
plots in pine forest (˛ and ˚) at DHSBR, and broadleaf forest at HSD (˙). A 
signiﬁcant correlation between them were found ((A), p<0.05, Gross autotrophic 
nitriﬁcation = 7.0 × 10–10 × abundance of archaeal amoA gene + 0.2, R2=0.86),  
((B) p<0.05, Gross autotrophic nitriﬁcation = 1.9 × 10–9 × abundance of archaeal 
amoA transcript + 0.3, R2=0.86).  Error bars represent S.E. (n=4).
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Abundance of archaeal amoA transcript (/ g-soil) 
(B) 
Figure 6-7. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences of 
Phylum Nitrospira. Bootstrap values higher than 85% are indicated at nodes. The names 
beginning with “Clone” denote the sequences obtained in the present study. BR, P and M 
in the parentheses represent the broadleaf, pine and mixed forest, from which the clones 
were originated. Taxonomic units with each grey square background shared an identical 
sequence within the region analysed. Accession numbers in DDBJ/EMBL/GenBank for the 
reference sequences are indicated in the square brackets. 
Thermodesulfovibrio islandicus [X96726] 
Clone 14-11 (BL) 
 Clone 14-3 (BL) 
 Clone 15-10 (P) 
100 
 Clone 16-1 (M) 
 Clone 16-2 (M) 
 Clone 14-7 (BL) 
Leptospirillum ferrooxidans DSM 2705 [X86776] 
Candidatus Nitrospira bockiana [EU084879] 
Candidatus Nitrospira deﬂuvii [DQ059545] 
Nitrospira cf3 moscoviensis SBR2046 [AF155155] 
Nitrospira cf1 moscoviensis SBR1015 [AF155152] 
Nitrospira cf2 moscoviensis SBR1024 [AF155153] 
Nitrospira moscoviensis [X82558] 
100 
 Clone 15-5 (P) 
 Clone 14-10 (BL) 
 Clone 14-2 (BL) 
 Clone 14-1 (BL) 
 Clone 15-12 (P) 
 Clone 14-5 (BL) 
 Clone 14-8 (BL) 
 Clone 14-12 (BL) 
 Clone 15-9 (P) 
 Clone 14-4 (BL) 
 Clone 16-6 (M) 
 Clone 15-3 (P) 
 Clone 15-4 (P) 
 Clone 15-8 (P) 
 Clone 16-9 (M) 
95.3 
100 
93.2 
93.6 
100 
100 
Knuc 
 = 0.02 
Genus Nitrospira 
-lineage 
	
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ୈ 7 ষ	
  ૯߹ߟ࡯ 
 
	
  ຊݚڀͰ͸ɺୈ 1 ষʹ͓͍ͯطԟݚڀͷϨϏϡʔΛߦ͍ɺಉ࣌ʹҎԼʹࣔ͢ 3 ͭ
ͷղܾ͢΂͖໰୊Λఏࣔͨ͠ɻ 
ʢ1ʣ஠ૉෛՙͷ૿େʹͱ΋ͳ͏৿ྛͷ஠ૉ॥؀ͷมԽ͸ੈքతͳ໰୊Ͱ͋Δɻͦ
Εʹ΋ؔΘΒͣɺࠓޙ࠷΋஠ૉෛՙ͕ݦஶʹͳΔͱ༧૝͞ΕΔ౦ΞδΞͷ೤
ଳɾѥ ೤ ଳ ྛ ʹ ͓ ͚ Δ ஠ ૉ ॥ ؀ ϓ ϩ η ε ΍ ஠ ૉ ๞ ࿨ ఔ ౓ ͸ ΄ ͱ Μ Ͳ Θ ͔ ͬ ͯ ͍
ͳ͍ɻ 
ʢ2ʣ঳Խඍੜ෺܈ू͸౔৕தͷ঳ࢎੜ੒ͷओཁͳϓϨʔϠʔͰ͋Δɻ͔͠͠ࢎੑ
৿ྛ౔৕ʹ͓͍֤ͯඍੜ෺܈ूʢAOBɺAOAɺैଐӫཆੑඍੜ෺ɺNOBʣ͕
ͦΕͧΕͲͷఔ౓঳ԽΛ୲͍ͬͯΔͷ͔ɺ΄ͱΜͲ໌Β͔ʹͳ͍ͬͯͳ͍ɻ 
ʢ3ʣ঳Խە܈ूͷಛੑʢଘࡏྔɺ܈ू૊੒ɺ׆ੑʣͱͦͷੜଶܥػೳͱͯ͠ͷ঳
ԽΛϦϯΫ͢ΔͨΊʹ͸ɺ ஠ૉϑϩʔͷϓϩηε΍଎౓Λఆྔతʹଌఆ͢Δඞ
ཁ͕͋Δɻ͔͠͠ɺͦͷͨΊͷ෼ੳख๏͕ඍੜ෺Λࡐྉͱͯ͠ੜଶֶతɾੜཧ
ֶతݚڀΛߦ͏ݚڀऀʹͱͬͯ͸༰қͰ͸ͳ͍ɻ 
	
  ͜ΕΒͷ໰୊ʹऔΓ૊ΉͨΊʹɺ·ͣʢ1ʣ౔৕தͷ஠ૉϑϩʔͷϓϩηε΍଎
౓Λఆྔతʹଌఆ͢ΔͨΊͷ؆ศͳख๏Λཱ֬͢Δ͜ͱɺଓ͍ͯɺߴ஠ૉෛՙΛड
͚͍ͯΔதࠃೆ෦ʹҐஔ͢Δࢎੑѥ೤ଳྛ౔৕ʹ͓͍ͯɺ ʢ2ʣ࣮ࡍʹ౔৕தͷ஠ૉ
ϑϩʔͷ଎౓Λఆྔతʹࢉग़͠ɺ஠ૉϑϩʔͷಛ௃ͱ஠ૉྲྀೖྔͷ૿Ճʹର͢Δ஠
ૉϑϩʔͷมԽΛ໌Β͔ʹ͢Δ͜ͱɺ͞Βʹʢ3ʣ঳ԽΛ୲͍ͬͯΔඍੜ෺܈ूΛ
ಛఆ͠ɺͦΕΒඍੜ෺܈ͷ঳ࢎੜ੒΁ͷد༩Λఆྔతʹ໌Β͔ʹ͢Δ͜ͱɺ࠷ऴత
ʹɺ͜ΕΒΛ௨ͯ͠ɺ ʢ4ʣѥ೤ଳྛ౔৕தͷ NO3
–ੜ੒ϝΧχζϜͷશମ૾ͱɺࠓޙ
༧૝͞ΕΔ஠ૉෛՙͷ૿େʹͱ΋ͳ͏஠ૉ॥؀ϓϩηεͷมԽΛ༧ଌ͢Δ͜ͱΛ
໨తʹݚڀΛߦͬͨɻ 	
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7.1	
  ຊݚڀͷ੒Ռ 
7.1.1  ౔৕தͷ஠ૉϑϩʔ଎౓ͷ؆ศͳଌఆ๏ͷཱ֬ 
	
  ஠ૉϑϩʔ଎౓ͷଌఆʹ GC/MS Λ༻͍ΔͨΊɺ ·ͣ঎༻ͷ GC/MS ͷվྑ͓Αͼ
෼ੳ৚݅ͷ࠷దԽΛߦͬͨʢୈ 2 ষʣ ɻซͤͯɺඍੜ෺ͷ୅ँʹؔΘΔ༷ʑͳΨε
छΛಉ࣌ʹɺ؆ศ͔ͭਝ଎ʹଌఆ͢ΔͨΊͷํ๏Λཱ֬ͨ͠ɻ͜ͷख๏ʹΑΓɺඍ
ੜ෺ͷ୅ँʹؔΘΔΨεʢH2ɺN2ɺO2ɺCOɺNOɺCH4ɺCO2ɺN2Oʣʹ͍ͭͯ ppm
ʢ10
-6 vol. vol.
–1ʣϨϕϧ͔Β%ʢ10
-2 vol. vol
 –1ʣϨϕϧ·Ͱͷ෯޿͍ೱ౓ͷɺ༷ʑͳ
ΨεछΛ୹࣌ؒͰఆྔ͢Δ͜ͱ͕Մೳʹͳͬͨɻಛʹ஠ૉϑϩʔ଎౓ͷଌఆʹͱͬ
ͯॏཁͳ N2O ʹ͍ͭͯ͸ɺ2.5 ෼Ҏ಺ʹ 10
5ͷϨϯδͰఆྔ͢Δ͜ͱΛՄೳʹͨ͠ɻ  
	
  ଓ͍ͯɺ౔৕தͷ NH4
+ɺNO3
–ɺNO2
–ɺશ༹ଘ༗ػଶ஠ૉʢTDNʣͷೱ౓͓Αͼ
15N/
14N Λ؆ศʹଌఆ͢ΔͨΊͷํ๏Λཱ֬ͨ͠ʢୈ 3 ষʣ ɻ͜ͷํ๏Ͱ͸ɺۙ೥։
ൃ͞Εͨ୤஠ە๏ɺΞβΠυ๏ͱୈ 2 ষʹ͓͍ͯվྑͨ͠ GC/MS γεςϜΛซ༻
͢Δ͜ͱʹΑΓɺ্هͷ஠ૉԽ߹෺ͷೱ౓͓Αͼ
15N/
14N Λ޿Ϩϯδʢ0 – 1000μMɺ
0.37 – 99.3 
15N atom%ʣͰଌఆ͢Δ͜ͱ͕Մೳʹͳͬͨɻ͜ͷ෼ੳख๏ͷཱ֬ʹΑͬ
ͯɺ౔৕தͷ NH4
+ɺNO3
–ɺNO2
–ɺTDN ͷೱ౓͓Αͼ
15N/
14N ͷଌఆΛɺैདྷͷ෼ੳ
ख๏ͷ 1/10  –  1/100 ͷগྔͷࢼྉͰߦ͏͜ͱ͕Ͱ͖ɺ౔৕தͷ஠ૉϑϩʔ଎౓ͷղ
ੳ͕؆ศ͔ͭਝ଎ʹߦ͑ΔΑ͏ʹͳͬͨɻ͞Βʹ্ड़ͷΨε෼ੳͱ͋ΘͤΔ͜ͱ
Ͱɺ౔৕தͷແػଶ஠ૉͷಈଶʹՃ͑ͯɺ঳Խɺ୤஠ɺΞφϞοΫεͷաఔͰੜ੒
͢Δ஠ૉΨεʢN2ɺN2OɺNOʣͷੜ੒଎౓΋ࢉग़͕Ͱ͖Δɻ͢ͳΘͪ͜ΕΒͷख๏
ͷཱ֬ʹΑͬͯɺඍੜ෺׆ಈʹؔΘΔ஠ૉͷओཁͳϑϩʔͷ଎౓Λ΄΅׬શʹଌఆ
͢Δ͜ͱ͕Մೳʹͳͬͨɻ 
	
  ຊݚڀʹΑͬͯ৽ͨʹཱ֬ͨ͠෼ੳख๏͕޿͘༻͍ΒΕΔ͜ͱͰɺ৿ྛͷ஠ૉ॥
؀͓Αͼඍੜ෺܈ूͷੜଶܥػೳΛ͜Ε·ͰҎ্ʹਫ਼ີʹධՁ͠ɺ஠ૉ॥؀ݚڀͱ
ඍੜ෺ੜଶݚڀͷੵۃతͳϦϯΫ͕ͳ͞ΕΔ͜ͱ͕ظ଴Ͱ͖Δɻ 
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7.1.2	
  தࠃѥ೤ଳྛ౔৕ʹ͓͚Δ঳ࢎੜ੒ 
	
  ೥ؒʹ 34kg-N/ha ΋ͷແػଶ஠ૉ͕େؾ͔Βྲྀೖ͢Δதࠃೆ෦ͷѥ೤ଳྛ
Dinghushan Biosphere ReserveʢDHSBRʣͷ޿༿थྛʢۃ૬ྛɺྛྸʼ400 ೥ʣ ɺদྛ
ʢ80 ೥ʣͳΒͼʹ޿༿थ-দࠞ߹ྛʢ80 ೥ʣ͓Αͼ೥ؒʹ 18kg-N/ha ΋ͷແػଶ஠
ૉ͕ྲྀೖ͢Δ Heishiding Nature ReserveʢHSDʣͷ޿༿थྛʹ͓͍ͯɺ౔৕தͷ஠ૉ
ϑϩʔʢແػԽɾ঳Խɾ஠ૉʢNH4
+ɾNO3
–ʣෆಈԽ଎౓ʣͷղੳΛߦͬͨʢୈ 4ɺ5
ষʣ ɻͦͷ݁ՌɺDHSBR ͷ޿༿थྛʢίϯτϩʔϧ۠ʣ ɺদྛʢίϯτϩʔϧ۠ʣ ɺ
ࠞ߹ྛʢίϯτϩʔϧ۠ʣʹ͓͍ͯ౔৕தͷ૯ແػԽɺNH4
+ෆಈԽɺ͓Αͼ NO3
–
ෆಈԽͷ଎౓ʹ͸৿ྛؒͰ༗ҙࠩ͸ݟΒΕͳ͔ͬͨҰํɺ੒ख़ྛͰ͋Δ޿༿थྛͷ
঳Խ଎౓͸ɺ ए͍দྛ΍ࠞ߹ྛʹൺ΂ͯஶ͘͠ߴ͔ͬͨɻ ·ͨ C2H2્֐๏Λ༻͍ͯɺ
૯ैଐӫཆੑ঳Խ଎౓ͱ૯ಠཱӫཆੑ঳Խ଎౓ΛͦΕͧΕࢉग़ͨ͠ͱ͜Ζɺߴ͍঳
Խ଎౓͕ݟΒΕͨ DHSBR ͓Αͼ HSD ͷ޿༿थྛʹ͓͍ͯɺ ಠཱӫཆੑ঳Խ͕૯঳
Խ଎౓ͷ 80%Ҏ্Λ઎Ίͨʢୈ 5 ষʣ ɻ 
	
  ͦ͜Ͱ঳Խඍੜ෺܈ूͷղੳΛߦͬͨʢୈ 6 ষʣ ɻͦͷ݁ՌɺAOB ͸ݕग़͞Εͳ
͔ͬͨҰํͰɺAOA ͷ amoA ͸֤౔৕ 1 άϥϜ͋ͨΓ 10
8͔Β 10
9ίϐʔఔ౓ଘࡏ
͢Δ͜ͱ͕໌Β͔ʹͳͬͨɻ͞Βʹ౔৕தͷ AOA  amoA ͷ DNA ίϐʔ਺͓Αͼ
mRNA ίϐʔ਺ͱ૯ಠཱӫཆੑ঳Խ଎౓ͱͷؒʹਖ਼ͷ૬͕ؔೝΊΒΕͨɻ͜ͷ͜ͱ
͔Βɺ২ੜ΍஠ૉྲྀೖྔ͕ҟͳ͍ͬͯͯ΋ɺຊݚڀαΠτͷ৿ྛ౔৕Ͱ͸ AOA ͕
ΞϯϞχΞࢎԽΛ୲͍ͬͯΔओཁͳඍੜ෺܈Ͱ͋Δͱߟ͑ΒΕͨɻ·ͨ NOB ΋ݕ
ग़͞Εͨ͜ͱ͔Β AOA ܈ूͱ NOB ܈ू͕঳ԽΛओʹ୲͍ͬͯΔ͜ͱ͕ࣔࠦ͞Ε
ͨɻಉ࣌ʹɺ֤৿ྛ౔৕தͷ૯঳Խ଎౓͸ AOA ͷଘࡏྔʹΑͬͯେ͖͘ίϯτϩ
ʔϧ͞Εɺ৿ྛؒͷ૯঳Խ଎౓ͷࠩҟ͸ AOA ͷଘࡏྔ͓Αͼ׆ੑͷࠩҟʹΑΔ΋
ͷͰ͋Δ͜ͱ͕ࣔࠦ͞Εͨɻ 
	
  Ͱ͸ຊݚڀαΠτͷ৿ྛ౔৕ʹ͓͍ͯɺͳͥओʹ AOA ͕ΞϯϞχΞࢎԽΛ୲͍ɺ
AOB ʹΑΔಠཱӫཆੑ঳Խ΍ैଐӫཆੑ঳Խͷ୎ӽ͸ݟΒΕͳ͍ͷͰ͋Ζ͏͔ɻͦ	
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ͷओͳཁҼͷҰͭ͸ݚڀαΠτͷ৿ྛ౔৕͕lۃݶ؀ڥతzͰ͋ΔͨΊͱߟ͑ΒΕ
Δɻѥ೤ଳྛ౔৕Ͱ͋ΔͨΊ෩Խ͕ਐΈࢎੑ෺࣭ʹର͢Δ؇িೳ͕΋ͱ΋ͱ௿͍ੑ
࣭Λ༗͍ͯ͠Δ͏͑ɺ௕ظʹΘͨΔࢎੑ෺࣭ͷ߱ԼʹΑͬͯ͞ΒʹࢎੑԽ͕ਐߦ͠
͍ͯΔʢLiu et al. 2010ʣɻ ͠ ͨ ͕ ͬ ͯ AOB ͓Αͼ AOA ͷج࣭ͱͳΔ NH3͸ͦͷߴ
͍ pKa Ώ͑ʹେ෦෼͸ NH4
+΁ͱΠΦϯԽ͍ͯ͠ΔɻͦͷͨΊ AOB ʹͱͬͯ͸ج࣭
ͱͳΔNH3ͷڙڅ͕ஶ੍͘͠ݶ͞ΕΔͨΊʹɺ ଘࡏྔ͕ۃΊͯখ͍͞ͱߟ͑ΒΕΔɻ
ͦͷҰํͰɺAOA ͷଘࡏྔ͸ଞͷࢎੑ౔৕ʢ৿ྛɺ೶ߞ஍ɺ຀૲஍ʣʹ͓͍ͯใࠂ
͞Εͨ஋ͱൺ΂ͯ΋ଟ͍ɻ ຊݚڀͱطԟݚڀͷൺֱ͔Βɺ AOA ͷ 1 ࡉ๔͋ͨΓΞϯ
ϞχΞࢎԽೳ͸ AOB ͷ 10
–4ఔ౓Ͱ͋Δ͜ͱ͕ࣔࠦ͞Εͨɻ͜ͷ͜ͱ͸ಉ࣌ʹ AOA
ͷ 1 ࡉ๔͕ͦͷ׆ੑΛҡ࣋͢Δͷʹඞཁͳ NH3ͷྔ͕ AOB ʹൺ΂ͯ͸Δ͔ʹগͳ
͍͜ͱΛҙຯ͢Δɻ͜Ε͸தԹੑ AOA ͷ།Ұͷ୯཭גͰ͋Δ Nitrosopumilus 
multimus SCM1 ͷࢸద NH3ೱ౓ʢ͋Δ͍͸ apparent Km ஋ʣ͕ AOB ͷ୯཭גʹൺ΂
ͯஶ͘͠ ʢ10
3ഒఔ౓ʣ ௿͍͜ͱͱ΋੔߹͢Δ ʢMartens-Habbena 2009ʣɻ Ϧ ι ʔ ε ʢ ج
࣭ʣͷྔ͕ۃΊͯݶఆ͞Ε͍ͯΔ৚݅ʹ͓͍ͯ͸ɺ1 ࡉ๔౰ͨΓͷඞཁ͢ΔϦιʔ
εͷྔ͕ଟ͍ݸମΑΓ΋গͳ͍ݸମͷํ͕ੜଘڝ૪্༗རͰ͋Δͱߟ͑ΒΕΔ
ʢFierer et al. 2007ʣɻ ͜ͷΑ͏ͳཧ༝͔Β AOA ͸ɺ AOB ʹ͸ར༻Ͱ͖ͳ͍΄Ͳͷݶ
ఆͨ͠ϦιʔεʢNH3ʣΛར༻͢Δ͜ͱͰɺࢎੑ౔৕ʹ͓͍ͯ΋ͦͷଘࡏྔٴͼ׆
ੑΛҡ͍࣋ͯ͠ΔՄೳੑ͕ߟ͑ΒΕΔɻ 
	
  ैଐӫཆੑ঳Խʹ͍ͭͯɺܥ౷తʹଟذʹΘͨΔඍੜ෺͕༗ػଶ஠ૉ͋Δ͍͸
NH4
+Λར༻͢Δࡍʹ NO3
–΍ NO2
–Λੜ੒͢Δ͜ͱ͕͜Ε·Ͱʹ஌ΒΕ͍ͯΔʢFocht 
and Verstraete 1977ʣ ɻ͔͠͠ɺैଐӫཆੑඍੜ෺ͷ঳Խ׆ੑ͸ AOB ͷ୯཭גͷ׆ੑ
ʹൺ΂ͯང͔ʹ௿͍ ʢ10
–3 – 10
–4ഒҎԼʣ͜ ͱ ͕ ใ ࠂ ͞ Ε ͯ ͍ Δʢ Focht and Verstraete 
1977ʣɻ ͦ Ε ʹ ΋ ͔ ͔ Θ Β ͣ ɺ ै ଐ ӫཆੑ঳Խ͕ࢎੑ৿ྛ౔৕Ͱ୎ӽ͢Δͱ͜Ε·
Ͱߟ͑ΒΕ͖ͯͨओͳཧ༝͸ɺAOB ͕ࢎੑ౔৕؀ڥʹ͸దԠͰ͖ͳ͍ʢࢎੑ৿ྛ౔
৕ʹ͓͍ͯ΋ AOB ͸ଘࡏ͠ಘΔ͕ଘࡏྔ͕খ͍͞ʣʹ΋ؔΘΒͣɺࢎੑ৿ྛ౔৕	
 
	
  143 
ʹ͓͍ͯ঳Խ͕ೝΊΒΕΔ͜ͱʹΑΔʢAllison and Prosser 1991, Hart et al. 19997ʣɻ
͔͠͠ɺ ຊݚڀʹ͓͍ͯ͸ɺAOA ͕ࢎੑ৿ྛ౔৕ʹ͓͍ͯΞϯϞχΞࢎԽΛ୲ͬͯ
͍Δओཁͳඍੜ෺܈Ͱ͋Δ͜ͱ͕ڧࣔࠦ͘͞Εͨɻ͜ΕʹΑΓɺࢎੑ౔৕Ͱ͸ಠཱ
ӫཆੑ঳ԽΑΓ΋ैଐӫཆੑ঳Խ͕୎ӽ͢Δͱ͍͏ैདྷͷԾઆͷଥ౰ੑ͸࠶ݕূ
͞ΕΔ΂͖Ͱ͋Δͱߟ͑ΒΕΔɻ 
 
7.1.3	
  தࠃѥ೤ଳྛ౔৕ͷ஠ૉ๞࿨ఔ౓ 
	
  DHSBR ͷϑΟʔϧυʹ͓͚Δ஠ૉಈଶ͔Β޿༿थྛ͸஠ૉ๞࿨ঢ়ଶʹ͋Γɺদ
ྛ͓Αͼࠞ߹ྛ͸ͦͷલஈ֊ʹ͋Δ͜ͱ͕༧ଌ͞Ε͍ͯΔʢୈ 1 ষʣ ɻͦ͜Ͱຊݚ
ڀͰ͸ɺ౔৕தͷ஠ૉϑϩʔ͔Β৿ྛͷ஠ૉ๞࿨ఔ౓Λ͞Βʹߟ࡯ͨ͠ɻ·ͣ
DHSBR ͷ৿ྛؒʹ͓͚Δ NH4
+ফඅͷϓϩηεͷࠩҟ͔Β֤৿ྛͷ஠ૉ๞࿨ఔ౓ͷ
ࠩҟΛݕ౼ͨ͠ɻ৿ྛؒͰ૯ NH4
+ෆಈԽ଎౓ʹ༗ҙࠩ͸ݟΒΕͳ͔ͬͨҰํͰɺ૯
঳Խ଎౓͸޿༿थྛʹ͓͍ͯɺদྛ͓Αͼࠞ߹ྛʹൺ΂ͯஶ͘͠େ͖͔ͬͨʢୈ 4ɺ
5 ষʣ ɻ ͜ͷ͜ͱ͔Β޿༿थྛʹ͓͍ͯদྛ΍ࠞ߹ྛʹൺ΂ͯ౔৕ඍੜ෺ʹର͢Δ஠
ૉͷՄڅੑ͕ߴ͘ɺͦΕΏ͑஠ૉ๞࿨͕ΑΓਐߦ͍ͯ͠Δঢ়ଶʹ͋Δ͜ͱ͕ਪଌ͞
Εͨɻଓ͍ͯɺ޿༿थྛͱদྛʹઃஔ͞Εͨ஠ૉఴՃ۠ͳΒͼʹແఴՃ۠ʢίϯτ
ϩʔϧ۠ʣͷ౔৕தͷඍੜ෺όΠΦϚεͱ஠ૉϑϩʔΛൺֱͨ݁͠Ռɺ޿༿थྛͰ
͸஠ૉఴՃ۠ͷ౔৕ඍੜ෺όΠΦϚε஠ૉ͕ແఴՃ۠ʹൺ΂ͯখ͘͞ɺ஠ૉෆಈԽ
଎౓͕ແఴՃ۠ͷ 42%ఔ౓ʹ·Ͱ௿Լ͍ͯͨ͠ͷʹରͯ͠ɺদྛͰ͸౔৕ඍੜ෺ό
ΠΦϚε஠ૉʹ͍ͭͯ͸͕ࠩͳ͔͕ͬͨɺ஠ૉෆಈԽ଎౓͸ 136%ఔ౓ʹ૿େͯ͠
͍ͨʢୈ 5 ষʣ ɻ͜ͷ͜ͱ͔Β޿༿थྛ͸஠ૉ๞࿨ݱ৅ͷ࠷ऴஈ֊ʢୈ 1 ষʣʹ͋
ΔҰํͰɺদྛ͸ະͩ஠ૉ੍ݶঢ়ଶʹ͋Δ͜ͱ͕ࣔࠦ͞Εͨɻ 
	
  ͜ͷΑ͏ͳ஠ૉ๞࿨ఔ౓ͷ͕ࠩɺओʹ২ੜͷࠩʹΑΔ΋ͷͳͷ͔ྛྸʹΑΔ΋ͷ
ͳͷ͔ɺຊݚڀͷ݁Ռ͔ΒͷΈͰ͸൑அͰ͖ͳ͍ɻ͔͠͠ɺҰൠతʹ৿ྛ͕੒௕͢
ΔʹͭΕͯ২෺΍౔৕தʹ஠ૉ͕஝ੵ͞Ε͍ͯ͘ʢVitousek  and  Reiners  1975; 	
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Pregitze and Euskirchen 2004; Davidson et al. 2007ʣɻ ͦ ͷ ݁ Ռ ɺ ۃ ૬ ྛ Ͱ ͸ ஠ ૉ ͷ ϓ ʔ
ϧαΠζ΍॥؀଎౓͕େ͖͘ͳΓɺ஠ૉͷՄڅੑ͕ߴ͘ͳΔɻ͢ͳΘͪ஠ૉ๞࿨ʹ
͍ۙੜଶܥʹͳ͍ͬͯ͘ͱߟ͑ΒΕ͍ͯΔɻ ʢୈ 1 ষʣ ɻDHSBR ʹ͓͍ͯ޿༿थྛ
͸ 400 ೥Ҏ্อޢ͞Εͨۃ૬ྛʢ੒ख़ྛʣͰ͋Γɺ௕೥ʹΘͨͬͯ஠ૉ͕஝ੵ͞Ε
͖ͯͨɻͦͷҰํɺদྛ΍ࠞ߹ྛ͸ए͍৿ྛͰ͋ΓɺՃ͑ͯ௿໦૚΍Ϧλʔ͕ऩ֭
͞Ε͖ͯͨɻͦͷ݁Ռɺ޿༿थྛͱদྛΛൺֱ͢Δͱɺ޿༿थྛͷํ͕஠ૉͷϓʔ
ϧαΠζ΍஠ૉ॥؀଎౓͕େ͖͍͜ͱ͕ใࠂ͞Ε͍ͯΔʢୈ 1 ষʣ ɻ͜ͷΑ͏ͳཧ
༝͔Βɺ͜Ε·Ͱड͚͖ͯͨ஠ૉෛՙʹؔΘΒͣݚڀαΠτͷ޿༿थྛ͸দྛʹൺ
΂ͯ஠ૉ๞࿨ʹ͍ۙঢ়ଶʹ͋Δ͜ͱ͕ਪ࡯͞ΕΔɻ 
	
  ൺֱର৅ͱͨ͠ݚڀαΠτ HSD ͷ֤৿ྛͷ஠ૉ๞࿨ఔ౓͸Ͳ͏Ͱ͋Ζ͏͔ɻ HSD
ͷ޿༿थྛʹ͓͍ͯ૯ NH4
+ෆಈԽ଎౓͸ DHSBR ͷ৿ྛͱಉఔ౓Ͱ͕͋ͬͨɺ૯঳
Խ଎౓͸ DHSBR ͷদྛΑΓߴ͘ɺ޿༿थྛΑΓ௿͔ͬͨɻ७঳Խ଎౓ʹ͍ͭͯ΋
ಉ༷Ͱ͋Δɻ·ͨ HSD ͷ޿༿थྛͷྛྸ΋ DHSBR ͷদྛʹൺ΂ͯେ͖͘ɺ޿༿थ
ྛʹൺ΂ͯখ͍͞ͱ༧૝͞Ε͍ͯΔɻ ͜ΕΒͷ͜ͱ͔Βɺ HSD ͷ޿༿थྛ͸ DHSBR
ͷদྛʹൺ΂ͯ஠ૉ๞࿨͕ਐߦ͍ͯ͠Δঢ়ଶʹ͋Δ͕ɺ޿༿थྛ΄Ͳਐߦ͍ͯ͠ͳ
͍ͱਪ࡯͞ΕΔɻ 
 
7.1.4	
  ༧૝͞ΕΔ஠ૉෛՙͷ૿େʹͱ΋ͳ͏஠ૉ॥؀ϓϩηεͷมԽ 
	
  DHSBR ͷ޿༿थྛʹ͓͍ͯɺদྛ΍ࠞ߹ྛʹൺ΂ͯ౔৕தͷ NO3
–ೱ౓͕ߴ͘ɺ
·ͨද૚ 0cm ͔Β 20cm ʹ͓͍ͯਫͷҠಈʹͱ΋ͳͬͯଟྔͷ NO3
–༹͕୤͍ͯ͠Δ
͜ͱ΋ใࠂ͞Ε͍ͯΔɻຊݚڀʹ͓͍ͯɺHSD ͷ޿༿थྛ౔৕΋ؚΊɺ७঳Խ଎౓
ʢʹ૯঳Խ଎౓  ʵ  ૯ NO3
–ෆಈԽ଎౓ʣͱ౔৕தͷ NO3
–ೱ౓ͱͷؒͰਖ਼ͷ૬͕ؔೝ
ΊΒΕͨʢୈ 4ɺ5 ষʣ ɻ͜ͷ͜ͱ͔ΒɺDHSBR ͷ޿༿थྛͰ͸౔৕தͷ૯঳Խ଎
౓͕૯ NO3
–ෆಈԽ଎౓ʹൺ΂ͯஶ͘͠ߴ͍ͨΊʹɺ౔৕தͷ NO3
–ೱ౓͕ߴ͘ͳΓɺ
·ͨͦΕΏ͑ଟྔͷ NO3
–༹͕୤͍ͯ͠Δͱߟ͑ΒΕͨɻͦ͜Ͱɺ஠ૉෛՙͷ૿େ͕	
 
	
  145 
౔৕தͷ஠ૉϑϩʔʹٴ΅͢Өڹʹ͍ͭͯɺNO3
–ͷಈଶʹண໨͠ධՁͨ͠ɻNO3
–ͷ
ಈଶΛࣔͨ͢Ίʹ NO3
–ͷlݟ͔͚ͷz଺ཹ࣌ؒΛࢉग़ͨ͠ɻ޿༿थྛɺদྛͱ΋ʹ
஠ૉఴՃ۠Ͱ͸ແఴՃ۠ʹൺ΂ͯ NO3
–ͷݟ͔͚ͷ଺ཹ͕࣌ؒ௕͘ɺ ੜ੒͋Δ͍͸ྲྀ
ೖͨ͠ NO3
–͸ NO3
–ͷ··౔৕தʹΑΓ௕͘଺ཹ͠ಘΔͱߟ͑ΒΕͨɻ͢ͳΘͪɺ
༧૝͞ΕΔେؾ͔Βͷ஠ૉෛՙͷ૿େʹͱ΋ͳͬͯɺ ౔৕͔Β NO3
–͕Ճ଎౓తʹ༹
୤͞Ε΍͘͢ͳΔͱਪ࡯Ͱ͖Δɻͨͩ͠ɺ஠ૉ๞࿨৿ྛͱਪ࡯͞ΕΔ޿༿थྛͱ஠
ૉ੍ݶྛͱਪ࡯͞ΕΔদྛͰ͸ͦͷഎޙʹ͋ΔϝΧχζϜ͕ҟͳͬͨɻ޿༿थྛͰ
͸ɺ౔৕ඍੜ෺όΠΦϚε͕ݮগͱ NO3
–ෆಈԽ଎౓ͷ௿Լ͕ى͖ɺ౔৕தͷ NO3
–
ೱ౓ͷ૿େ͕૬·ͬͯ଺ཹ͕࣌ؒ௕͘ͳͬͨͱߟ͑ΒΕͨɻҰํɺ஠ૉ੍ݶྛͷদ
ྛͰ͸ɺ ౔৕ඍੜ෺ͷ஠ૉཁٻੑ͕ߴ͍ͨΊʹɺ ૯ NH4ෆಈԽ଎౓ͷ૿େͱ૯ NO3
–
ෆಈԽ଎౓ͷ௿Լ͕࿈ಈ͍ͯ͠Δͱߟ͑ΒΕͨɻ·ͨϑΟʔϧυʹ͓͍ͯ΋ɺদྛ
Ͱ͸৿ྛ͕੒௕ஈ֊ʹ͋ΔͨΊ২෺ͷ஠ૉཁٻੑ͕ߴ͍ɻ͜ΕΒͷ͜ͱΛ૯߹ͯ͠
ߟ͑Δͱɺ͢Ͱʹ஠ૉ๞࿨ঢ়ଶʹ͋Δ޿༿थྛʹ͓͍ͯɺࠓޙ༧૝͞ΕΔେؾ͔Β
ͷ஠ૉෛՙͷ૿େʹͱ΋ͳͬͯɺ ౔৕͔Β NO3
–͕Ճ଎౓తʹ༹୤͞Ε΍͘͢ͳΔͱ
ߟ͑ΒΕͨɻ 
 
7.2	
  தࠃѥ೤ଳྛʹ͓͚Δ஠ૉ੍ݶ͔Β஠ૉ๞࿨΁ͷਐߦ 
	
  ຊݚڀͰಘΒΕͨ஌ݟʢ্ड़ʣ͓Αͼطԟͷݚڀใࠂʹج͖ͮɺதࠃѥ೤ଳྛ౔
৕͕ͲͷΑ͏ʹͯ͠஠ૉ੍ݶঢ়ଶ͔Β஠ૉ๞࿨ঢ়ଶ΁ਐߦ͢Δͷ͔ɺ஠ૉϑϩʔͷ
มԽ͔Βߟ࡯͢Δɻͨͩ͠ɺຊݚڀͷ஌ݟ͸ྛྸ͓Αͼ২ੜͷҟͳΔ৿ྛ͔ΒಘΒ
Εͨ͜ͱʹ஫ҙ͢Δඞཁ͕͋Δɻ 
	
  ·ͣྛྸͷ௿͍৿ྛ ʢ͋Δ͍͸஠ૉ੍ݶྛʣ ʹ͓͍ͯ͸૯঳Խ଎౓͕খ͘͞ɺ NH4
+
ͷେ෦෼͸ෆಈԽ͞ΕΔʢDHSBR দྛίϯτϩʔϧ͓۠Αͼࠞ߹ྛ͔ΒಘΒΕͨ
σʔλΑΓʣ ɻ͜ͷஈ֊Ͱ͸৿ྛͷ஠ૉ॥؀଎౓ʢϦλʔੜ੒ɺ෼ղ଎౓ʣ͸খ͞
͍ʢMo et al. 2006; Fang et al. 2009ʣɻ ஠ ૉ ྲྀ ೖ ྔ ͷ ૿ େ ʹ Ԡ ͡ ͯ NH4
+ͷෆಈԽ͕ଅ	
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ਐ͞ΕΔʢDHSBR দྛ஠ૉఴՃ͔۠ΒಘΒΕͨσʔλΑΓʣ ɻ·ͨɺ৿ྛ͕੒௕͢
Δʢ͋Δ͍͸஠ૉ๞࿨ঢ়ଶ͕ਐߦ͢Δʣʹ͕ͨͬͯ͠ɺ২෺΍౔৕தʹ஠ૉ͕஝ੵ
͞Εͯ஠ૉ॥؀଎౓͕େ͖͘ͳΓʢVitousek and Reiners 1975; Pregitze and Euskirchen 
2004; Davidson et al. 2007ʣɺ ౔ ৕ ඍ ੜ ෺ ό Π Φ Ϛ ε ྔ ΋ େ ͖ ͘ ͳ ͬ ͯ ͍ ͘ ʢ DHSBR
͓Αͼ HSD ͷ޿༿थྛ͔ΒಘΒΕͨσʔλ͓Αͼ Pregitze  and  Euskirchenʢ2004ʣ
ΑΓʣ ɻ·ͨɺ౔৕ͷ C/N ͋Δ͍͸౔৕ඍੜ෺͕ٵऩɾར༻͢ΔՄڅଶ CɾN ݯͷ
C/N ͕௿Լ͢ΔʢC ʹରͯ͠ N ͕ଟ͘ͳΔʣ ʢGalloway et al. 2003; Fang et al. 2006ʣɻ
݁Ռతʹ౔৕ඍੜ෺ʹର͢Δ஠ૉͷՄڅੑ͕େ͖͘ͳΓɺ NH4
+͕঳Խඍੜ෺ ʢAOAʣ
ʹ΋ར༻͞ΕΔΑ͏ʹͳΓɺAOA ͷଘࡏྔ͓Αͼ૯঳Խ଎౓͕େ͖͘ͳ͍ͬͯ͘
ʢDHSBR ޿༿थྛɺদྛɺࠞ߹ྛ͔ΒಘΒΕͨσʔλΑΓʣ ɻ·ͨɺͦΕʹΑΓ౔
৕ͷࢎੑԽ͕ଅਐ͞ΕΔʢVan Miegroet 1984ʣɻ ७ ঳ Խ ଎ ౓ ΋ ࣍ ୈ ʹେ͖͘ͳΓɺ౔
৕தͷ NO3
–ೱ౓͕ߴ͘ͳΔ ʢDHSBR ͓Αͼ HSD ͷ޿༿थྛ͔ΒಘΒΕͨσʔλΑ
Γʣ ɻͦͷͨΊ NO3
–ͷ༹୤ྔ͕૿Ճ͢ΔʢFang et al. 2010ʣɻ ͨ ͩ ͠ ɺ ౔ ৕ ඍ ੜ ෺ ૬
͸ NH4
+ͱͱ΋ʹ NO3
–ʹ͍ͭͯ΋ಉԽ͢ΔͨΊɺ७঳Խ଎౓͸૯঳Խ଎౓ʹൺ΂ͯ
খ͍͞ʢHSD ޿༿थྛ͔ΒಘΒΕͨσʔλ͓Αͼ Davidson et al.ʢ1992ʣΑΓʣ ɻ৿
ྛͷ੒௕ʢ͋Δ͍͸஠ૉ๞࿨ঢ়ଶͷਐߦʣʹ͕ͨͬͯ͠ɺ΍͕ͯ஠ૉͷྲྀೖྔͱྲྀ
ग़ྔ͕΄΅ಉఔ౓ʹͳΓɺ͞Βʹେؾ͔Βྲྀೖ͢Δ஠ૉ͕ՃΘͬͯྲྀग़ྔͷํ͕େ
͖͘ͳΔʢFang et al. 2009 ͓Αͼ DHSBR ޿༿थྛίϯτϩʔϧ͔۠ΒಘΒΕͨσ
ʔλΑΓʣ ɻ͜ͷޙ͞Βʹ஠ૉྲྀೖྔ͕૿େ͢Δͱɺ౔৕ඍੜ෺ʹΑΔ஠ૉಉԽ଎
౓ͷ௿Լͱ౔৕ඍੜ෺όΠΦϚεͷݮগ͕͓͖ΔʢDHSBR ޿༿थྛ஠ૉఴՃ͔۠
ΒಘΒΕͨσʔλΑΓʣ ɻ େؾ͔Βͷ஠ૉྲྀೖྔ͕૿େ͢ΔҰํͰɺ ಠཱӫཆੑ AOA
ͷଘࡏྔ͓Αͼ૯঳Խ଎౓ͷݮগ͸ݟΒΕͣɺ౔৕தͷ NO3
–ೱ౓͸૿େ͍ͯ͘͠
ʢDHSBR ޿༿थྛ஠ૉఴՃ͔۠ΒಘΒΕͨσʔλΑΓʣ ɻ݁ՌతʹɺਫͷҠಈʹͱ
΋ͳ͍౔৕͔Β NO3
–͕Ճ଎౓తʹ༹୤͍ͯ͘͠ʢOhte et al. 2003; Fang et al. 2009ʣ ɻ
஠ૉ੍ݶঢ়ଶ͔Β஠ૉ๞࿨ঢ়ଶ΁ͷਐߦΛɺ͜ͷΑ͏ͳ஠ૉϑϩʔͷมԽ͔Βਪ࡯	
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7.3	
  ࠓޙͷల๬ 
	
  ୈ 1 ষʹड़΂ͨͱ͓Γɺ஠ૉ॥؀ϝΧχζϜΛཧղ͢ΔͨΊʹ͸ɺ஠ૉ॥؀ϓϩ
ηεͱɺͦͷ஠ૉ॥؀ʹେ͖ؔ͘ΘΔʢ͋Δ͍͸ͦͷϓϩηεΛ୲͍ͬͯΔʣඍੜ
෺܈ूͱΛϦϯΫͤ͞Δ͜ͱ͕ॏཁͰ͋ΔʢFigure 1-8ʣɻ ຊ ݚ ڀ Ͱ ͸ ɺ AOA ͷଘࡏ
ྔٴͼ׆ੑ͕ݚڀαΠτͷ౔৕ʹ͓͚Δ૯঳Խ଎౓Λେ͖͘ίϯτϩʔϧ͍ͯ͠
Δ͜ͱΛɺͦΕͧΕͷఆྔ஋ʹج͍ͮͯࣔ͢͜ͱ͕Ͱ͖ͨʢFigure1-8ʢBʣʣɻ ͠ ͔
͠ɺͲͷΑ͏ͳ؀ڥཁҼ͕ AOA ͷଘࡏྔ΍׆ੑΛن੍͢Δͷ͔ʹ͍ͭͯ͸ɺ௚઀
తͳ؍ଌʹࢸΒͳ͔ͬͨɻຊݚڀͰ͸ɺطԟݚڀͱͷൺֱ͔Β AOA ܈ूͷੜଶత
ಛੑʹ͍ͭͯߟ࡯ͨ͠ɻ؀ڥཁҼͱඍੜ෺ػೳͷؔ܎ΛΑΓৄࡉʹղ໌͢ΔͨΊʹ
͸ɺͦͷ AOA ܈ूͷੜཧֶత͓ΑͼҨ఻ֶతੑ࣭͔Βղ໌͢Δඞཁ͕͋Δɻͦͷ
ͨΊʹ͸ AOA Λ౔৕͔Β෼཭͠ղੳ͢Δඞཁ͕͋Δɻ ͜Ε·ͰʹதԹੑ AOA ͱ͠
ͯΘ͔ͣ 1 גɺN. multimus SCM1 ͕ւ༸؀ڥ͔Β୯཭͞ΕͨͷΈͰ͋Γɺ౔৕؀ڥ
͔Βͷ୯཭ͷใࠂ͸ະͩʹͳ͍ɻ஠ૉ॥؀ϝΧχζϜͷղ໌ͷͨΊʹ͸౔৕ AOA
ͷ෼཭ͱഓཆ͸ෆՄܽͳεςοϓͰ͋Δͱߟ͑ΒΕΔɻ 
	
  ୈ 1 ষʹ͓͍ͯɺࠓޙ࠷΋஠ૉෛՙ͕ݦஶʹͳΔͱ༧૝͞ΕΔ౦ΞδΞͷ೤ଳɾ
ѥ೤ଳྛΛର৅ͱͨ͠஠ૉ॥؀ʹؔ͢ΔݚڀͷॏཁੑΛड़΂ͨɻҰํɺϤʔϩού
΍๺ถʹ͓͍ͯ͸ɺ1980 ೥୅͔Β஠ૉ॥؀ʹؔ͢Δݚڀ͕੝ΜʹߦΘΕ͖͍ͯͯ
Δɻ͔͠͠ͳ͕ΒɺϤʔϩού΍๺ถͷ৿ྛ౔৕ʹ͓͍ͯ΋ɺ஠ૉ॥؀ʹେ͖ؔ͘
ΘΔ͋Δ͍͸ͦͷϓϩηεΛ୲͍ͬͯΔඍੜ෺܈ूʹ͍ͭͯͷݚڀ͸΄ͱΜͲߦ
ΘΕ͍ͯͳ͍ʢCompton et al. 2004; Nugroho et al. 2005ʣɻ ຊ ݚ ڀ Ͱ ಘ Β Ε ͨ ஌ ݟ ͕ த
ࠃѥ೤ଳྛͷΈͰΈΒΕΔϢχʔΫͳݱ৅ͳͷ͔ɺଞͷ஍Ҭ͋Δ͍͸ؾީ۠෼ʹ͓
͚ΔࢎੑԽͨ͠৿ྛ౔৕Ͱ΋ΈΒΕΔݱ৅ͳͷ͔ɺ͞ΒͳΔݚڀ͕ඞཁͰ͋Δɻ 
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  ࠷ޙʹ 
	
  ຊݚڀͷ࠷΋ࡍཱͭಛ௃͸ɺैདྷͷ෺࣭॥؀ݚڀͱඍੜ෺ੜଶֶݚڀΛ૊Έ߹Θ
ͤͨ͜ͱͰ͋ΔɻͦͷͨΊʹඞཁͳ஠ૉԽ߹෺ͷ
15N ෼ੳͷͨΊͷख๏Λཱ֬ͯ͠
஠ૉϑϩʔΛఆྔ͠ɺ·ͨۙ೥ཱ֬͞Εͨ෼ࢠੜଶֶతख๏Λ༻͍ͯ౔৕ඍੜ෺܈
ूͷղੳΛߦ͍ɺͦΕΒͷσʔλΛϦϯΫͤ͞Δ͜ͱ͕Ͱ͖ͨɻ͢ͳΘͪɺ஠ૉ๞
࿨ఔ౓ͷҟͳΔ৿ྛؒʹ͓͍ͯ౔৕ͷ૯঳Խ଎౓ʹେ͖ͳࠩҟ͕͋Δ͜ͱɺ·ͨɺ
ͦͷࠩҟ͕঳Խඍੜ෺܈ूͷଘࡏྔ͓Αͼ׆ੑʹΑͬͯઆ໌Ͱ͖Δ͜ͱΛࣔ͢͜
ͱ͕Ͱ͖ͨɻ 
	
  ͜Ε·Ͱͷ৿ྛͷ஠ૉ॥؀ʹؔ͢ΔݚڀͰ͸ɺؾީɺ২ੜɺ౔৕ͷཧԽֶੑͳͲ
͕஠ૉ॥؀Λن੍͢Δओཁͳ؀ڥཁҼͱͯ͠ղੳ͞Ε͖ͯͨɻ1980 ೥୅ΑΓɺ஠ૉ
ෛՙͷ૿େʹର͢Δ৿ྛੜଶܥͷԠ౴ʹ͍ͭͯ੝Μʹݚڀ͞ΕΔΑ͏ʹͳΓɺ؀ڥ
ཁҼͱ঳Խ଎౓ͷؔ܎͕஫໨͞ΕΔΑ͏ʹͳͬͨɻ͔͜͠͠Ε·Ͱɺ঳ԽΛ୲͏ඍ
ੜ෺܈ूͱ৿ྛͷ஠ૉ॥؀Λ݁ͼ͚ͭΔݚڀ͸΄ͱΜͲͳ͔ͬͨɻຊݚڀͰಘΒΕ
ͨ஌ݟ͸ɺ஠ૉ॥؀ݚڀʹ͓͍ͯඍੜ෺܈ूͷಈଶΛߟྀʹೖΕΔ͜ͱͷॏཁੑΛ
ఏ͍ࣔͯ͠Δɻ 
	
  զʑ͸ɺ৿ྛੜଶܥͳͲͷ؀ڥʹ͓͚Δඍੜ෺܈ूʹ͍ͭͯɺҎલΑΓང͔ʹଟ͘
ͷ৘ใΛಘΒΕΔΑ͏ʹͳͬͨɻͦͷ݁Ռɺ ͲͷΑ͏ͳඍੜ෺͕ͲͷΑ͏ͳ৔ॴʹ͍
Δͷ͔ͱ͍͏৘ใ͸஝ੵͭͭ͋͠Δɻ͔͠͠ɺ؀ڥதͷඍੜ෺ʹؔ͢Δݚڀͷଟ͘
͸l͋Δඍੜ෺܈ू͕ଘࡏ͍ͯ͠Δz͋Δ͍͸l׆ಈతͰ͋Δz͜ͱΛࣔ͢ʹͱͲ
·Γɺඍੜ෺܈ूͷଘࡏྔ΍૊੒ͱͦͷੜଶܥػೳΛ௚઀తʹ݁ͼ͚ͭΔ͜ͱʹ੒
ޭͨ͠ݚڀ͸ඇৗʹগͳ͍ɻ͜Ε͸ͭ·Γɺղੳٕज़͕ਐาͨ͠ͱ͸ݴ͑ɺ͋Δඍ
ੜ෺܈ू͕ੜଶܥͷػೳΛҡ࣋͢ΔͨΊʹͲΕ͚ͩॏཁͰ͋Δͷ͔Λఆྔతʹࣔ
͢͜ͱ͸ґવͱͯ͠ࠔ೉Ͱ͋Δ͜ͱΛҙຯ͢ΔɻͦΕͰ΋΍͸Γɺඍੜ෺܈ूͷ૊
੒ͱػೳΛ݁ͼ͚ͭΔݚڀ΁ͷऔΓ૊Έ͸ɺඍੜ෺ੜଶֶʹ͓͍ͯॏཁͰ͋Δɻ͜
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ँࣙ 
	
  ຊݚڀΛ਱ߦ͢Δ͏͑ͰଟେͳΔ͝ࢦಋΛ͍ͨͩ͘ͱಉ࣌ʹɺ ૉ੖Β͍͠ݚڀ؀ڥΛ
࡞͍͍ͬͯͨͩͨɺ౦ژେֶɾຓඌܒ࢙ڭतʹਂ͘ײँக͠·͢ɻ 
	
  త֬ͳ͝ॿݴΛ͍͖ͨͩɺଟ͘ͷ૬ஊʹ৐͍͍ͬͯͨͩͨ౦ژେֶɾେ௩ॏਓ।ڭत
ʹਂ͘ײँக͠·͢ɻ 
	
  ଟ͘ͷ͝ॿݴΛ͍͖ͨͩɺ ଟ͘ͷٞ࿦Λ͍͖ͤͯͨͩ͞ɺ ଟ͘ͷྭ·͠Λ͍͍ͨͩͨɺ
౦ژ೶޻େֶɾ໦ఉܒհಛ೚।ڭतʹਂ͘ײँக͠·͢ɻ 
	
  ຊݚڀͷଟ͘͸౦ژ೶޻େֶɾز୩७ࢠࢯͱͷڞಉ࡞ۀΛ௨ͯ͠ߦͬͨɻڞʹ౔৕Λ
࠾औ͠ɺ஠ૉϑϩʔͷղੳΛߦͬͨɻز୩ࢯͷଟେͳΔߩݙΛ͜͜ʹه͢ͱͱ΋ʹɺز
୩ࢯʹਂ͘ײँக͠·͢ɻ 
	
  ຊݚڀͷ GC/MS ෼ੳ͸શͯதԝେֶɾਡ๚༟Ұڭतͷ΋ͱͰߦͬͨɻߴՁͳ GC/MS
Λࣗ༝ʹ࢖༻͍͍͖ͤͯͨͩ͞ɺ·ͨݚڀͷ਱ߦͷ࢓ํɺଉൈ͖ͷॏཁੑ΋ڭ͍͑ͯͨ
͍ͩͨਡ๚ڭतʹਂ͘ײँக͠·͢ɻ 
	
  ݚڀ΍ݱ஍ௐࠪʹଟେͳ͝ॿྗΛ͍͍ͨͩͨɺ౦ژ೶޻େֶɾ༶फڵڭतɺ·ͨ
Jianming  Mo ڭतɺYunting  Fang ത࢜ΛॳΊͱ͢ΔதࠃՊֶӃͷελοϑͷօ༷ʹਂ͘
ײँக͠·͢ɻ 
	
  ຊݚڀΛ਱ߦ͢Δ͏͑Ͱଟ͘ͷ࣮ݧΛख఻͍͍ͬͯͨͩͨ౦ژ೶޻େֶɾ஛ྛ༎ࢯɺ
ࠇؠܙࢯɺ຀ా๎ࢠࢯɺࠤʑ໦༤ೋࢯʹਂ͘ײँக͠·͢ɻ 
	
  ౤ߘ࿦จΛࣥච͢Δ͏͑Ͱɺڞஶऀͱͯ͠༗ӹͳ͝ॿݴΛ͍͍ͨͩͨɺதԝେֶɾݪ
ࢁॏ໌ڭतɺେ৿ਖ਼೭ڭतɺ೔ຊେֶɾ্ాᚸޗ।ڭतʹਂ͘ײँக͠·͢ɻ 
	
  ຊݚڀͷ৹ࠪΛշ͘Ҿ͖ड͚͍͍ͯͨͩͨɺ౦ژେֶɾੴҪਖ਼࣏।ڭतɺେख৴ਓ।
ڭतɺ౦ژ೶޻େֶɾ໦ఉܒհ।ڭतʹਂ͘ײँக͠·͢ɻ 
	
  ݚڀੜ׆ΛૹΔ͏͑Ͱɺଟ͘ͷٞ࿦Λ͠ɺڞʹ੾᛭ୖຏ͠ɺ͔͚͕͑ͷͳ͍࣌ؒΛڞ
ʹա͍͍ͤͯͨͩͨ͝͞౔৕ݍՊֶݚڀࣨͷઌഐɺಉഐɺޙഐʹਂ͘ײँக͠·͢ɻ 
	
  ࠷ޙʹɺ͍ͭ΋Ԡԉ͍͍ͯͨͩͨ྆͠਌ʹਂ͘ײँக͠·͢ɻ 